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- T ABSTRACT

The detonation of shot one at Bikini Atoll on March 1,

1954, produced a fallout of radioactive ash upon Rongelap Atoll,
Marshall Islands. The distribution of the radioactive ash on
the islands and in the plants and animals of the area has been
studled and evaluated by the Applied Plsheries Laboratory,
University of Washington.

During the first expedition to Rongelap Atoll on March 26,
1954, bilologlcal samples were collected and measurements made of
the radiation contamination. On tﬂQee additional expedlitions
extensive collectlons of material were made for this study, the
last on January 25-30, 1955.

The decline in radiocactivity was measured in 1430 samples
of fish, invertedbrates, land plants, algae, bilrds, plankton,
soll and water from the Rongelap area.

During this study particular emphaslis was placed upon evalu-
atlon of the radioactivity in food used by the natives. Coconut
nilk collected on March 26, 1954, contailned 1.03 microcuries per
¥1logrem of wet tissue while the coconut meat had 1.16 uc/kg. By
January 25-30, 1955, the level in coconut milk had declined to’
0.041 uc/kg and the meat to 0.036 uc/kg. Fish muscle on March 26,
1954, everaged 2.74 ue/kg and fish liver 204. uc/kg. The decline
to January 25-30 was 0.10 uc/kg for the muscle and 3.52 uc/kg for
the liver of fish. Somewhat similar declines were found for

clam musele, crab muscle, bird muscle and liver, and for squash,



papaya, arrowroot and pandanus.

The level of radioactlivity was highest in the northern
portion of the atoll, except for samples of algae and fish-
eating birds, collected during January 1955 from the southern
part of the atoll, which had higher levels of radiocactivity
than samples collected from the northern islands on the same
date. This may indicate a translocation of radioactive

mterials within the legoon.
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A RADIOLOGICAL STUDY OF RONGELAP ATOLL, MARSHALL
ISLANDS DURING 1954-1955

Introduction

The program of study of the Applied Fisheries Laboratory,
University of Washington, (Program 19.1 of Operation Castle) was
outlined in the Laboratory's report UWFL-36, This program involved
detailed studies of radiological contamination of the fauna and
flora of Eniwetok Atoll, with exploratory trips to Blkinl Atoll on
3 quarterly basis to ascertaln the levels of radiation remaining
during the year following the test program. ,

The unexpected pattern and m;gnitude of the fallout of
radloactive matericls from the March 1, 1954 experiment introduced
the need for new areas of study over and above the planned pro-
gram. One such area was Rongelap Atoll where the fallout resulted
{n the evacuation of the native people.

On March 21, 1954, the Laboratory recieved a request from
Dr. Paul B. Pearson, AEC Division of Biology and Medicine, to
make a survey of the islands at Rongelap Atoll to determine the

extent of radliologlcal contamination of the native foods.

The expedition to Rongelap, in response to this request,
was organized by Task Group 7.1, with transportation and support
provided—by the USS Nicholas (D D E 449), Members of Program
19.1 were Lauren R. Donaldson, Charles M. Barnes, Edward E. Held,
Ralph F. Palumbo and Paul R. Olson. Thomas Shipman, Thomas N.
White, P, R, Schivone and W, W. Robbins accompanied the expedi-
tion to aid the natives in capturing some of their animals on

Rongelap Island and to make radiation readings on some of the
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islands in the southcrn pari of the atoll.
Collections of plants e:? Aanimals, soil samples and radia-
tion readings were made at lLavaredj Island on March 26, 1954,

4  Redlation readings were obtained with a Juno (AEC model SIC-17C,
ﬁ' serizl No. 89) under a variety of conditlons. The shield of
aff the instrvment was closed for the first reading and open for the
Eéf second for each of the locatlons listed below.

\ Radtaticn Levels Labaredj Island
9 March 26, 1954 - mr/hr

3 .ocation Helght 3' Height 1" .
3 Intertidal zone 26 '
‘, 3 1 .

y High tide line 215 300

i ‘ 395 1000
£ ]
¢ ¥ Open grass area 250 370

A1 on island - 330 900

1 Open grass area 240 280 56"3

¥ | on 1sland 500 700 (6"

E. In Pisonla woods 270 600

il 700 1500

9 Beach rock slabs 37 29

; 100 400

94 Reach above high 180 220

4 tide 1ine north 300 600

: side of lsland

Y East side of island 200 220

above high tide 350 700
line

A second series of collectlons were made on the sane day

at Kabelle Island in the extreme ncortheastern pert of the lagoon.

f Rediation readings were also taken at this lsland as follows:
s TN
N iy, I;




N --- = Radlation Ilevels Kabelle Island

March 26, 1954 - mr/nr

Locstion Helght 3' Height 1"

ﬁg Beach rock inter- 48 30

- tidal zone 90 300

- Beach sand at 190 150

. high tideline 260 350

i

E ) i Edge of brush line 280 370

! on island lagoon 500 1400

f%‘ side

- Open area in vege- 300 410

. tation-covered 600 1700

g portion of island

X Coconut grove on 250 480 \

‘- lagoon side of 370 1500

| island

: Edze of trees (shield open) 2000
lee side of trees " 1500
Windward side of trees " 2800

The second expedition to Rongelap Atoll was made on

July 16, 1954, A U.S. Navy Grumman Albatross plane (U.S.N.
iy ASR-16, No. 902) from the U.S. Naval Station, Kwajalein, was
used to transport the group to the atoll. Program 19.1 members
making the trip were Lauren R. Donaldson, Frank Lowman, Arthur
Welander and Lt. Cmdr. Clarence F. Pautzke.

Collections were again made at Kabelle Island and radiation
readings taken in the same general areas as those recorded on

#  Maren 26, 1958,
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-~ Radiétlon Levels Kabelle Island

Taly 16, 1954 - mr/nr

Location Height 3! Height 1"
Low vater lins 9 15
High tide mark 20 T0
en teach
50' inshore from 29 100
high tide 1lir=2
100' inshore froa 28 100
high tide line
On Scaevola brush 28 109
Under Messer- ) 100
schmidie ..
lee edge of coco-~ 20 80
nut grove
, Middle of 1sland 25 90
._!ﬁ% in dead brush
o~ Open clearing in 27 45
gézﬁ middle of 1sland
o - Middle of coconut 20 60
4 grove

During the month of December 1954 three collections of
mples were made at Rongelap Atoll. For the first trip on Decem-
ber 8, the U.S. Naval Station, Kwajalein, provided a PBM
(lo.2h7l) with a fine crew. Landings were made &t both Kabelle
and Rongelap Islands. Dr. Walter D. Claus, AEC Division of Blol-
ogy and Medicine, accompanied Edward Held, Paul Olson, Robert
Teylor and William Blakeman on this expedition. PFilm strips were
placed at a number of locations by Claus, Teylor and Blakeman to
record radlation over an interval of time.

On December 18, the Navy again furnished & FBM for the trip

to Rongelap to pieck up the fiim strips and to collect additional
v
TNy
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biological samples. A successful landing was made at Rongelap

Island whaié_iie objective was accomplished. An accident to the
anchoring mechanism of the plane, however, prevented completion
of the sampling at Kabelle Island. Robert Rinehart and Paul
tigman of U.S.N.R.D.L. accompanied Lsuren R. Donaldson, Jared
Davis, Edward Held and Paul Olson on this trip.

The most extensive survey and bilological collecting trip
vas conducted at Rongelap Atoll from January 25 to January 30,
1956, This survey was made in conjunction with U.S.N.R.D.L.,
vith the U.S. Navy furnishing the OG vessel "Rio Grande" for
transportation end support facilities. Allyn H. Seymour and
Prank lLowman, Program 19.1, shared the responsibility for the
dlological sampling. Readings were again made with the survey
meter on almost all of the islands visited. The readings were
tsken 2t a height of three feet unless otherwise noted.

Radilaetion Lavels Rongelap Atoll
January 25-30, 1955 - mr/hr

Rongelap Island 0.5
Eniaetok Island 2.0
P - Busch Island

it Labared] Island
L -Kabelle Island

Lomuilal Island
- Gejen Island
Lakuen Island

1.5
2.5
3.0
5.0 at ground level
8.0
7.0
4,0

The collections at Rongelap Atoll during this perlod of
study provided material for 1499 samples which have been proc-

e edailezan
TIWTNy A h

essed, the radiocactive content determined end the results tabu-

& lated and evaluated. N
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Semple Processine Proccdures end Techniques

The techniques and procedures used 1ln collecting, storing,
preparing, and counting the Rongelap samples were similar to

those used in former years. For complete detalls see WT-616

(UWFL-33)-. The specimens were put on ice while in the fileld.
Tissues were dlssected, weighed and dried at the Eniwetok labor-
atory. At the University of Washington, the drled samples were
ashed at temperatures up to 540°C, cooled, slurried, dried, and
then counted in an internal gas-flow counting chamber. Counts
per plate were converted to disintégrations per mlinute per graﬁ
of wet tissue as of the date of collection by correcting for
sample weight, geometry, backscatter, self-absorption, coinci-
dence, and decay.

For the summary tables as used in this report, the radio-
activity expressed in disintegrations per minute per gram (d/m/g)

vas converted to microcuries per kilogram by

ucfkg = _ 4/m/g
(2.2)(10)3

Rediocactivity and Its Rate of Decline in Food Items

A general survey of the radioactivity of foods is given in
Table I, with the rate of decline" of these items shown Iin Figure
2. It should be noted that the differences due to species and

* Radioblological Studies at Eniwetok Before and After Mike Shot,
November 1352, Lauren R. Donaldson, Applled Fisheries laboratory,

University of Washington, Seattle, Washington.
** The rate of decline is a phrase colned to express the combined

physical decay and the blological uptake and dec?x1§ates.
T™NY.
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area; vhich are considerasble and which are evident in the tables
of the appendix vhere all the individual sample counts are tabu-
lated, are hot apparent in this generalization. The significance
of these differencea, however, is discussed on pages 11 to 34.
Prom Table I and Figure 2 the past, present, and future gross
radiocactivity in the principal food items of Rongelap Atoll can
be approximated.

The method selected to indicate the error in estimating the
values in Table I is the "coefficient of variation" which s
the ratio of the standard deviation to the mean. These values,
C, expressed in percent, are given ih Table II (page 7 ). The
range in values from 10 percent to 178 percent indicates a high
degree of variability.

These data are closest to being points on a straight line
vhen plotted on a log-log scale using the time of the blast,
March 1, 1954, as time of 6rigin,

From this date it appears that mixed fission products
ére the principal source of radiocactivity in the food stuffs.
Exceptions are bird thyroids, in which the radloactivity was
practically all 1131, and the gastric mill in a coconut crabdb,
for vhich the decay curve was nearly a straight line on & semi-
log plot. PFor the purpose of meking an approximation of the
average rate of decline, the slope of a least-squares line
through the averages of the points in Figure 2 was determined
&nd found to be -1.75.

The variation in radioactivity assoclated with area, in

. 208t instances, 18 related to fallout. Rongelap Atoll was on

LRI

'(



#

e -
X
?

e —

-10~
the southern edge of the rallout from the March 1, 1954 Bikini
experiment and as a consequence trerc wes counslderably more
redioactivity in the northera part of viat erca. The blological
aemplles show the same pattern except for the blrd collections
and the algae and sand samples from deep waters of the lagoon,

taken during Januvary 1955.
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,EvalugtiOﬂ’éf"Radioactivitx in the Biological Samples

Pish

Almost all of the fish specimens, as in former years, were
collected by poisoning with derris root in shallow waters on or
near the reefs. Some specimens were caught in the deeper
vaters of the lagoon with hook and line. Two flying fish

vere c':.:ined outside the atoll when they landed aboard ship

durin; ... iignt.
Thes gz . ..z &clcelivn »rv analysls are those commonly found
on the atolls end used -~ “sod. They include damselfish, v

groupers, parrot fish, squi:-=lf4ish. surgeonfish, goatfish,
vrasse, snappers, mullet and lLuna. The scientific names of the
species are given In the z2rpendix.

The tissues used for analysis of radloactivity were skin,
muscle, bone, liver and other viscera. The latter included part
of the stomach contents as well as the alimentary canal, in most
cases,

In an attempt to compare similer specles from the same
locality, analysis was limited to the samples from Kabelle
Island. Collesctions of fish were made in waters adjacent to
this 1sland on March 26, 1954, July 16, 1954, and January 29,
1955. The collecting area lies near the north end of the
1sland and consists of a coral-filled channel open to the sea
at high tide. The radicactivity of the tissues from the fish
collected at Kabelle is summarized in Figure 3. The data are
listed iIn Table IIT.

N
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These data substantiste the general hypothesis, mentlioned
carlier in this report, that the radloactivity in the tissues
8ppears o bta due principally to mixed fission products. Devi-
ations from & straight line in the curves might be due to
selectlive uptake, either by the tissues themselves or because
there was selective uptake in the animals used as food by the
f'shes. In general the slope of the curves compares favorabdbly
vith the average decline curve used for all food items dlscussed
at tle beginning of this report. ,

Differences between the omnivorous and carnivorous fishes
as to amounts of radloactivity in comparable tlssues were great-
est on March 26, 1954. These differences decreased with pass-
age of time : -4 by January 29, 1955, were negligible in some
tiszucs (Pigure 4, Table III). These same data when analyzed
by d-7inite species of omnivorous fish (damselfish) and car-
aivorcus . fish (grouper) show the same trends (Table III).

Variation in redloactivity, assoclated with area and re-
ls-od 2 fellout and current movements within and 2round the
#L0il, indicates en increassz In the contaminztlion of the atoll
from south to north (Figure 5, Table IV). The lagoon fish
laken in the nortlhern part of the legoon, crf Kabell~ or Mell:
Taland, are comparable in levcls of redloactivity to reef fighas

*alkon in this regicn. The two flying fish takon cutalle the atoll

are remarkably alike in tissue radicastivity.
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Invertebrates

Rongelap invertebrates showed levels of activity of fron

2 4o 20% uc/kg on March 26, 1954, By late January 1955 the

10
levels had dropped about two orders of magnitude. The almost

ubliquitous black se& cucumber, Holothuria atre, serves best to

exemplify the trend (Figure 6). Next best as indiecators were
glant c¢lams, Hippopus and Tridacna; land hermit crab, Coenobita;
coconut cradb, Birgus; corals; and spider snail, Pterocera.
Radloactivity was highest 1in the digestive and excretory organs,
intermedlate in the integumentary brgans, and lowest in the :
muscle. Actual velues for the samples are tabulated in the
appendix. The kidney of the glant clam (Figure 7) is of special
interest because of its high level of activity and slow rate of
decline. A graph of activity of the tissues of lend hermit
crabs collected at the more radicactive northern 1slands in
March and July 1954 and from a less radiocactive southern island
in Januvary 1955, shows the effect of geographical differences in
radiocactivity upon the trend of decline, accentuating the slops
in the later period (Figure 8). 7The spider snail was similar

to the hermit crad in the level of activity of its tilssues,

while thé corals were about an order of magnitude lower.

Lend Plants and Algae

Iand plant and algee collections were made at Labared],
Kebelle, Lomuilal, Gejen, and Rongelap Islands. Most of the
edible plants were collected in December 1954 and Jsnuary 1955

at Rongelap Island. These were coconut, squash, papaya, arrow-
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root, pandanus, spinach, and Morinda. The algae were collected
both in the shallow water near shore and in the deeper water of
the lagoon, usually in the vieinity of the fish-collecting
stations.

Sample values are given in Appendix Tables IV, V, VI and VII.
From these tables 1t can be seen that the activity varies widely
even within sasmples of the same kind. In January, for example,

the pulp from one papaya had an activity of 8.6 x 1o‘f uc/g (wet),

i the highest level found in any edible plant portion on that date,

?QA vhlle the pulp from a second papaya specimen had an activity
of 1.3 x 1077 uc/g (wet).

In both edible and non-edible plants the specific activity
vas higher 1in the leaves than 1n the fruit, the difference gen-

erally being two to eightfold. Much of the activity in the
March 1954 plant samples was probably due to surface contamina-
tion. High counts in the internal portions of stems, however,
@f indicated répid uptake of fission products by absorption through
'% the root systems. Later collections also indicate uptake of
3 fission product material within the learf tissue. For exanple,
;i leaf buds formed after the initial fallout contain as much
activity as do older léaves, and washing removes very little of
the activity.

In the earliest colliections the bark of shrubs and trees
end the epidermis of edibls plant parts contained from 1% to 40
times more aciivity than the internsl parts. In the later col-
lections, however, tids ratio wes always less than two. It is

not definitely known, however, whether differentlal uptake or
) ki '1T'v

N




residual surface contaminatlon eceounts fur the higher activity
of the external plant parts.

Levels of activity in successivae collections through and
including December 1954 drop in accordance with the expectation
for mixed fission products. The January 1955 land plant col-
lections, however, show & trend toward increasing activity
levels (Figure 9). This ecould be due to & sampling error, but
anight also be & reflection of greater avallability of the fission
products to the plaats asscelated with more rainfall during
late December to January.

The values for srrowroot collected on Rongelap Island in
January 1955 fell within the range of values for arrowroot from
the northern 1islands. The same is true of algae collected at
depthe of 10 to 25 fathoms in the vicinity of Kabelle and Ronge-
lap Isleands. However, the maximum activity levels found in
Halimede sp. and Caulerpa sp. from Roingelap are higher by a
faetor of ebout two than the maximum levels found in the same

srecies collected at Kabelle. It appears likely then that al-

- though maximum fallout occurred at the north end of the atoll,

the radiractive material 1s being redistributed throughout the

6toll, st least In the deeper waters.

Decay rates of five individuel samples of algae and land
plants collected in July and December 195% indicate half-lives
ranging from 160 - 210 days during the period from December 1954
to April 1955. A sample of coconut milk ¢oliscted 2t Kabslle
{z2land tn December 1954, however, shows & hall-1iife of approxi-
mately tkrce years. The slopes of the decay curves of land and

e
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marine plents, other than the coconuts, differ only slightly

from one another and from the slopes of the soll decay curves,

g e

the average slope being -1.25 (-1.05 to -1.36)., This indicatss
??i that in these plants 1little or no differential uptake of fission
product materlal has been taking place. In coconuts, however,
fisslion products mixtures with longer half-lives have been ab-

sorbed into the meat and milk fractions. Decay curve slopes

of -.96 and -.54 for the coconut meat and -.24 from the coco-
4 nut milk indicate a different isotope mixture from that found in

M8 so0ll collected in the same area.

Birds

3 .Birds were collected at four 1slands of the atoll. Speci-
mens from the northern islands of Gejen, Kabelle and Labafedj
vere consldered to be from the same area and were collected on
3 ‘a11 four dates, while those from the southern 1island of Ronge-
%5 lap were teken only on January 26, 1955.
- The birds are of two types as based on feeding hablts and
| migratory characteristics. These are: (1) the noddy, crested
and falry terns, which tend to stay in the vicinity of a few
islands withiﬁ'thekatoll and feed principally on small fish, and
Ei (2) the migratory shore birds, which are transients and'feed
1 mainly on cruétaceans along the beaches. The latter group in-
¢ludes the plovers, curlews, turnstones, and tattlers.
The terns, because of their limited tendency for migratlon,
&re more representative thean are the shore hirds with regard to

i,chronic uptake of radicactive material.
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The s@qrq}birda contained greatsr amounts of radiocactive
macerials in the different organs snd tissues shortly after the
fallout et Rongelsp than did the terns. A similer tendency was
noted in 1952 at Eniweto:s following Mike shot (see WT-616
(UWFL-33))-* Hewever, the average levels of activity in the
organs of the shore birds decreased more rapidly wlth increasing
time after fallout than did those of the terns. These differ-
ences may be accounted for, in part at least, by the differences
in feeding habits and migrational characteristics,

The average srecific activities of the organs and tissues
of Rongelap terns are given in Table' V. With the exception of
muscle, which is consistently low compared with the other
tissues, there 1s no distinet pattern of relative activities
between different organs.

The decline of radicactivity levels in the organs and
tissues of terns may be divided into three types (Figures 10a
end b): (1) organs in which the decline is semilogarithmiec,
half-life 40 days -- these include the muscle, liver, and
kidney; (2) organs in which the decline is logarithmic -- these
are the bone (r = t'2‘35) end ileum (r = t'2'85); and (3) orgens
in vhich the variability is extremely great -- the skin and lung
represent this group.

The shapes of the radloactivity decline curves fcocr the
different orgens are determined by a combilnatlon of (1) avail-
ebility of the isotopes, (2) total uptake and degree of selec-
tive uptake of different isotopes, (3) radloactive half-1life,
and (4) biological half-life. Since the relative effects and

3 T ,\\‘;" ."“’"‘
* Radiobiological Studies . . . op. cit., p. 6. NIV
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degrees of interaction of these variables upon the decline of

-

radicactivity with increasing time after contamination are not

xnown, rigld interpretations of the shapes of the curves should
not be attempted. However, the curves are useful in estimating
the levels of activity in the different organs on given dates
following the contamination of the atoll.

Decay curves were made for a limited number of samples. Of
these, only that of the thyrold evidenced a preponderance of a
single isotope, 1131, which accounted for 99.9 percent or more
of the total activity. In decay curves for bone, liver, and
kidney there was evidence of mixtures of isotopes. Slopes of

n o p-1.28 -1.65

for liver, r= ¢t for bone, and & curve for kidney,
vhich 1s not & straight line elther logarithmically or semiloga-
rithmically, indicate that these organs do not contain similar
ratios of radloactive 1sotopes. The decay curve slope for tern
liver is similar to that of Rongelap soil.

Chemical separation for strontium was done on two bird
samples collected March 26, 1954, at Kabelle. Skins from two
different terns contained 2.9 percent and 3.5 percent of the
total sctivity as radioactive strontium. In samples of total
muscle plus totel bone from the same dirds, Sr89-90 comprised
3.9 percent and 11.3 percent of the total activity (Table VII).

The only collections at Rongelap Atoll contalning birds
from both the northern and scuthern islsnds were made January
26-30, 1955. In view of the fact that the general levels of
contamination were higher on the northnern islande, 1t was ex-

pected that the northern birds would ccntaein more radloactivity

- \_'YV.\- ) °
L
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than the southern birds. Thils was not the case except for the
skin. The ratios, south to north, of activity for the different

organs and tissues are as follows:

skin muscle bone lung liver kidney ileum
079 502 602 309 5-3 1}08 6.1

The presence of more than six times as much activity in the in-
testinal tract of the southern island terns as that found in the
same organ of the northern island terns suggests that the socuthern
birds have access to & supply of food fish contalning greater
amounts of radloactive material. The higher level of activity th
the southern bird intestinal tracts 1s reflected in the greater
concentrations of radiocactive material in the other internal
organs of the same animals. 1In view of these observations 1t
probably would be advisable to dtaln samples from Alinginae
Atoll, located seven and one-half nautical miles southwest of
Rongelap Atoll, since the Rongelap natives collect birds at
Alinginae as part of thelr food supply.

Tern eggs were collected at Kabelle July 16, December 8,
1954, and January 29, 1955, The 1levels of radioactivity in the
various parts of the eggs were low, with that of the shell approxi-'
mating the levels found in the bones of terns collected the same
day. Redioactivity in the egg yolks varied from 13 to 3 times
that found in the muscles of birds in the same collections. The
vhites of the eggs contained the lowest amounts of radiocactive
isotopes of all bird samples examined. These lvels were from

1/2% to 1/2 those found In bird muscle collected the same day.
PR
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The unhatngq_pmbryos contained levels of radloactivity spproxi-
mately one-half that found in bird muscle (Appendix Table VIII).

Plenkton

The Rongelap plankton collection consisted of a single tow
on March 26, peired tows on July 16, December 8 and December 18,
1554, and four paired tows January 26-30, 1955. A Michael Sars
type net, 3-meter in dlameter and with either No. 6 or No. 20
81lk mesh was usged. Tows were taken at the surface during day-
light hours.

Radloactivity of the Rongelap plankton samples was more
than one hundred times greater than that of plankton samples
collected from the open ocean waters of the Western Pacifie
wvith the USCAC "Taney" during Operation Troll. On the cruise
of the "Taney" during March and April, 1955, 85 plenkton
samples were taken along the route from Rwa jalein to the
Philippines to Japan. The average activity of these samples
was .015 x 1073 uc/g of wet sample, the highest values teing
.050 x 1073 uc/g. For the eight January 1355 Rongelap plankton
samples the-average value was 2.0 x 10'3 uc/g, the lowest value
being 0.41 x 1073 uc/g.

Other conclusions which may be drawn from analysis of the
Rongelap plankton samples are (1) that the radioactivity per
unit weight is greater than for most other bilological samples,
(2) the decay rate is similar to that for the soil sample, &nd
(3) there 1s considerable variation in the radioactivity of sam-
ples from palred tows.

LS
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So0il el -

————

The soil and sand zamples included those from the islands
proper, from the beach, and from the lagoon bottom. The radio-
ectivity of a sample taken from the top inch of soil on
Labaredj Island March 26, 1954, was 6.8 microcuries per gram,

which is equlvalent to ome curie per 325 pounds of top soil.

The activity of this sample ten months later, Janusry 29, 1955,
was one thirtleth 1ts orilginal value, i.e., it had passed

H through nearly five half-lives. The decay rate for this perilod
-{; 1s expressed by the formula, r = t°1'31, with Marech 1; 1954,

as the date of origin (Figure 12). This rate approximates the
mlxed fission product decay rate and in general approximates

the decay rate for many of the blologlcal samples. For these
reasons the decay factor for correcting counts back to the day

of collection‘was based on the decay curve of a similar soil
sample.

The decline in radioactivity of the soll samples can be
observed from the figures In Appendix Table X. Considérable
variation in the activity of soil samples from the same area on
the same day can be expected because of the nature of the fall-
out pattern and should be kept in mind wvhen interpreting resuits.
If considefation is given to the Kabelle samples only, the rate
of decline 1s greater than the decay rete from March to July
1954, but less from July 1954 to January 1955. When the sample
counts from all islands are averaged, the relative decline in

activity of the March 1954 samvles and the January 1955 samples

i1s the same as the decline in activity of the aecay sample.
o TN »

o0




-33..

Proflle samples of the lagoon bottom were obtained off
Kebelle Island at depths of 60 feet and 40 feet and off Lomutilal
Island at 55 feet. The samples vwere obtained by &n aqualung-
equipped diver driving a foot long, 13"-aluminum tube into the
bottom sand. The core was removed from the tube and samples
vere taken at various levels. From the counts of these samples
it wvas observed that the radiocactive sand on the lagoon bottom
vas several Iinches thick with the level of activity rather con-
stant for the first five or six inches. The radioactivity per
unit welight was less than that of the soill from the island
proper but off Kebelle it was greaté} than that of the sand in "

the tntertidal zone.

Water

The water collection included elight salt-water samples
from the lagobn and eight fresh-water samples from the 1slands
proper. A 5-milliliter sample was used for the radloactivity
determination except for the December 18th collection (cistern
vater, filtered well water), for which 25-milliliter samples
vere used.,_Becéuse the radioactivity of water samples is often
stated in terms of the radloactivity per liter, which would
nmean extrapolation consideradbly beyond the observed values, it
l1s especially ﬁecessary to state the counting error. For these
date the 0.95 counting error,' wvhich 1s equivalent to two

standard deviations, was arbitrarily selected. In Appendix

* ARCU-262 (Mon P-126) Statistical methods used in the measure-
ment of radioactivity (some useful graphs) - A. H. Jarrett,
T.I.S., Oak Ridge, December 1949.
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Table X the -valies for the water samples expressed in d/m/ml ¥
0.95 counting error are given.

"Whole water" samples were used for counting, i.e., none
of the natural-occurring radiolsotopes were chemically removed,
30 the values In the sbove table are those for totel radio-
activity. Por ocean waters, the atomic disintegrations per
ninute per kilogram for potassium-40 are 560 and for all other
natural-occurring isotopes about 10.* This means that the con-
tribution of natural-occurring isotopes to the values in Appen-
dix Teble X for lagoon water samples rarnged from 0.6 to 1.2
a/nful. '

Because of the relatively great counting error of the lagoon
vater samples neither the rate of decline nor the decay rate wvas
estimated. A conservative approximation of the radloactivity
of the lagoon water, based upon the average difference between
the observed value and the positive 0.95 counting error for
the January 26-30, 1955 samples, is 2400 d/m/1 (.0011 ue/1).

For the fresh-water samples the counting data are more
reliable (Appendix Table X). The samples include cistern water,
filtered well wvater, standing water and ground water. The stand-
ing water was taken from an onen can on Eniasetok Island and the
ground watéf from a two-foot hole that was dug on Kabelle Island.
The ground water was most radloactive, 48,000 a/m/i (.022 ue per
liter) and may have contained radioisotopes that had leached
from the soil. However, the decay rate r = t_1'35 for the period
from March 23 - July 30, 1955, was similar to that for mixed

* Schubert, J., "Radiocactive Poisons," Scientific Americun,:'«<
Vol. 193, Ho. 2, pp. 34-39, August 1955.
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fisslon products., ., :p filiered vel® water “he decay rote {or
the same period was similapr, » = t’l'Bgl Another observation
was thet the radioactivity of the fresh-water samples Increased
from south to nsrth with the act'vity of the Rongelap Island
sample being 1/4%, 1/6, and 1/10 of the activity of the fresh-
vater samples from Enlaetoclk, Labaredj, and Kabelle Islands,

respestively.
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Evaluation of the Chemical Analyses of the Bilologlcal Samples

Fission product and celcium anslyses weres made of three soil
samples, strontium analyses of selected foods, and 1131 analyses
of plants., Additional samples collected December 8 were sent
to Dr. Walter Claus, Division of Biology and Medicine, for
chemical analyses.

Samples were taken from the top inch of soil on March 26,
1954, from both Labaredj and Kabelle. Portlons were ashed and then
dissolved in dilute nitric acid. There was only a very small
amount of insoluble residue containing less than 0.1 percent of ¢
the radioactivity of the solute. Aligquots of this solution were
used to determine total activity and to provide samples for
chemical separation.

Standard methods of separating flssion products and calcium
vere followed. Counts obtalned from the analyses for cerium,
zlrconium, niobium, strontium; ruthenium, and barium were cor-
rected for chemical or spike yileld. The chemical yileld 1s the
ratlio of the weight of recovered carrler to added carrier. A
yleld for calcium was not determined becsuse of the large amount
of calcium carhonate in the sample. The radlioactivity of ssven
flssion products ahd calcium corrected for yleld and adjusted
to 100 percent recovery and expreszed as a percentage of the
total radioactivity 1s given in Table VI. The chemical yislds
and the observed counts from vhich these values vere computed
are tebulated in Appendix Table XI.

The results of radiostrontium analyses of biologicel samnles

from Rongelap Atoll are given In Table VII. Radiostront%gg was

INIV, i)

Y



-37~

Table YI. Flssion Produsts and Radlo-calcium
in Soil from Rongelap Atolll/

Per Cent Activitygl

Sample Number

Eleuent 75003/ 75015/ 7502‘5/
cerium 37. 32. 30.
trivalent

rare earths 2. 22. 24 .
zirconivm 16. 25. 4.
niobium 5.9 7.2 7.0
ruthenium 6.9 5.7 5.9
strontium A4 - 2.4 2.5 '
barium 5.5 4.1 6.2
calcium < .3 < .6 LA
total 100. 100. 1CO0.

1/ samples collected March Z&. 1954 and analyzed
May 11, 1954, activity as of counting date

2/ per cent activity corrected for yleld and ad-
justed to 100% recovery

3/ Labaredj Island 100 feet above high tide line
4/ Labvared] Island, 150 feet above high tide line
5/ Kabelle Island, 150 fee: abov: hish tide line

1
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found in ﬁiéhgé, birds, and crabs but not in fish musele nor ’‘n
some of the coconuts, The greatest amount of Sr90 found in the
January 1955 samples was 27 X 10_6 uc/g wet weight of coconut
crab nmuacle.

Method for Radiostrontiumn Separation. The fuming nitric acid

precipitation method was ussd, the sample belng dissclved in
dilute nitric acii and strocntium cerrier then added. For the
bird tissves the strontlum was preciplitated by increasing the
acld concen.raticon to 72 percent by the addition of 30 percent
nitric acic &and stirring for one-half hour. The precipitated ,
strontium nitrate was dissolved in water, scavenged wlth ferric
hydroxide.gnd rrecipitated a second time from 72 percent
nitriec azid, then counted for strontium radioactivity. Three
Spikes »un concurrently with the bird samples gave a yield of
59.2 ¥ 0.9 pcrcent. Separation of Y90 frorm the strontium
indicated that one-third to one-half of the total strontium was
strontium-9C as of the counting date, December 195&L.

3trontium analyses of samples of coconut meat and milk and
pandanus fruit frém the Janvary 1955 collection were made June 1li,
1955, The procedure was similar to that sbove except that 75
percent nitric acld was used and the scavenge with férric hydrox—
ide was followed by & scavenge with mixed sulfides 1a acid ard
in alkaline solution. Pour spikes in non-radioactive fish meal
ash run concurrently with these scmples gave a yield of
65.6 ¥ 5.3 percent. Four tlanks using the same fish meal and
run as & check onlﬁhe radioactivity in the meal, the reagents

and on the glassware gave counts cf ¢, 1, 0, and 0. Tiel'ds fron

LIRS S




spikes run -concurrsntly withh the zquash, papeya, crab and fich
g0

rresent

vhich was determined by separation of Ygo, daughter of Srgo, 1%

samplss were 84 ¥ 3.1 percent. From the amount of 3r

1s evident that only & small amount of Sr89 could be present
(Tadle VII).

The results of the 08144

analyses are given ln Table VII.
The maximum emount found was § x 10"6 uc in cradb muscle, while
none was found in some coconut samples. Cerium anslyses were
made‘of the flltrate from strontium nitrate precipitation of

the coconut, pandanus fruit, squash, crad, and fish samples

14

listed in the above tsble. The rere earths vere extracted with
tributyl phosphate; and cerium was separated from the trivelent
rare earths by ceric lodate preclpitation. Recovery from
"spiked" samples of non-radioactive fish meal ash run con-
currently wers 73 percent for coconut and pandanus frult, and
75 percent for all the others.

Determinations were made of Lthe amount of radiolodine
present in three land plants and two algae collected at Rongelap
Atoll on March 26, 1954, These analyses made on April 24, 1954,

»
followed the procedures £s outlined by Glendsaln et al.

The counts &3 obtalned were corrected dack to March 25,
1954, 1131 was present in all five plant tissues counted, vary-
ing from 0,47 percent to 0.029 percent of the total activity

found.

* Glendenin et al., "Interchange of radicactive iodine with
carrier lodine.”" 1In Coryell, C. D. &nd Sugarmen, N.,
Radlochemical Studies: The Flsslon Produets, Book 3, p. 1629,
McGraw-Hill, 1951.
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Study of th? gaggﬁof Physical Decay of Radiation in the
Biological Samples

The Rongelap samples arc now unique among our Marshall
Islands collections since they were taken from an area --
Rongelap Atoll -- I1n which the radloactivity resulted primar-
11y from & single time source -- the March 1, 1954 Bikini ex-
periment; whereas the activity at Eniwetok snd Bikin! derived
from several experiments over & number of years.

Rongelap decay data were studied with three primary objec-
tives: (1) to evaluate suitability of the decay correction fac-
tor based on soil by a comparison of blologlcal and other mater-
1els, (2) to aid in extrapolating into past or future time beyond
the period of the preseant survey, and (3) to compare decay rates
with decllne rates.

Eighty-four samples of fish, invertebrates, algae, land
plants, plankton, birds, and soil were counted an average of
11.5 (range, 2~73) times for various Intervals during the per-
1od from 38 to 500 days after the Bikini test of March 1, 1954.

When log of count is plotted on the ordinate against log
of time after March 1, 1954, on the sbscissa (here called a
log-log plot), & more nearly straight line 1s usually obtained
than whénlthe abscissa is arithmetic (semi-log plot). ‘A mixture
of fisslon products is supposed {(Coryell and Sugarman)' to give
a8 straight line by log-lcz plot with = slope of ebout -1.25 for
the period of time involved in thie study. The decey of a single

Coryﬂll C. D. 2nd Sugarman, N., Radiochemical Studies: The
Fission Products, Book 1, p. 456, MecOGraw~Hill, 10951 I

(n
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lsotope is linear on a semi-log plot, exemplified by bird
thyroid ébhfaining predominantly 1131 menttoned in the section
on birds.

Among the 28 plates counted most often (10 - 73 times) and
presumed to be counted frequently enough to detect the exlstence
of & linear semi-log relationship, only one other sample was
more nearly linear by semli-log than by log-log plot. This was

the gastric m1ll of a cradb, Grapsus grapsus, taken March 26,

1954, at Knbelle. The graph (Figure 11) was suffliclently curved
to indicate the presence of more than one isotope. The early
portion 50 - 300 days gave a half-life of T8 days, and the '
portion 300 - 430 days gave & half-life of 107 days. A seetion of
the curve of another sample, muscle of sea cucumber (Figure 11),
was typical of semi-log linearlity. The radioactlivity of this
sample decayed cver the period from 50 to nearly 200 days with
8 half-life of adbout 75 days, but more slowly later.
Although & single isotope displays a downwardly concave
curvilinear plot by log-log presentation, a mixture of as few
as two 1lsotopes with half-lives of similar orders of magnitude,
such as Ce141 and Cel** of 30- and 280- day half-lives, may
appear almo;t linear on 2 log-log plot over the period of
70 to 500 days.
Most decays were best sulited to log-log plotting &as seen
in the seven examples in Figures 12 and 13. Although some appear
slightly curved, stralight lines were fitted and slopes were
scaled graphically.
Definition of the curves resquires evaluation not only of

T
T I

Ny,
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the degree of-variance or scatter about the line, but 2also by

the nature of the deviation from linecrity among the snooth, cur-
vilinear plots. Those curves which were concave upward were

fish tissues, none of which had been counted nore than seven
times,

‘The average slope of 83 decays on log-log plots was
-1.43. Table VIII shows & breakdown into groups by types of
organisms and by tissues, and all samples grouped by collecting
dates are recorded in Appendix Table XII.

Differences in decay rates of tlssues of the animals
are not great, 8lthough the liver r;te of decay 1s steepest to
& degree that is of borderline significance. Comparison of rate
of decline of food items, -1.75, with rate of decay of all
samples, -1.43, shows that food items, with the exception of
such plants as the coconut, decline more rapldly in their radlo-
active content than can be accounted for solely on the basis
of thelr physical decay. However, the steep trend of decline
may result from the inadequacies of sampling. The January 1955
collection may reflect variability in the effects of eurrents
or season. PFuture sampling will show whether the indicated
deciine is truly unusually steep, or & vagary of sampling.

From & study of the decay curves it is seen that most
blological samples follow the soll trend sufficiently well to
justify use of the so0il decay rate in correcting sample counis
back to the time of collection over short periods. However,
some samples dlverge wildely. Of greatest concern 1s the coco-

nut, in the milk of which the radicactivity may decay very

5
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o Table VIII

Decay Rates of Rongelap Samples Expressed as the Slogpc
of the Log-log Relationship of Activlity to Time after March 1, 1954

Fish, invertebrate, and bird tissues

Skin & Gut or
Mantle Musc;e Bone Liver Viscera Giil
n 11 12 10 12 11 1
X -1,34 -1 .39 -1.40 -1.68 -1.45 -1.28
s/2 0.16 2.11 0.11 0.16 0.30 0
Miscellaneous
Other
Kidney land
of bird Plankton Algae Coconut plants Soil
<904 >90d
n 2 2 3 3 3 2 7
by -1.25 -1.71 -1.35 -1.20 -0.60 -1.30 -1.31
3/% 0.08 0.12 0.05 0.12 0.56 0.01 0.04
n = number of relationships
X = mean slope
S = standard deviation
8/% = coefficient of variation of slope



slowly (v =t

of fish gut, the radloacitivity of which decays fass (r = &

24

).

it The other =xtreme aAre occeasional zamples
)
=24y,
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Radioactivity of Fish from
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Rongelap Atoll, 1954-55

Values expressed in thousands of d/m/g of wet tissue

Dete and
Island

3/26/54
Eabelle

7/16/54
Kabelle

1/ see page 33

Common
Name.l/

dawsel 4

7"

parrot 1
" "

squ%rrel
grouper 5

H l
sh%rk

of

mullet
surgeon 1

2

it

butt%rfly %

L b
2
parrot 2
"

% H
1] "

herging

halgbeak

goagfish
'

[])

1]
wresse 2
” 11)
” "
1] ”
1"t "

grogper 2

H e

1

for sciertific name

Skin Muscle Bone
41.5 4.85 14.8
52.5 10.3 26.8
102. 11.4% 79.9
106. 13.3 96.0
TH.0  8.44 21.5
35.6 6.25 12.5
12.4 3.45 9,53
20.9 4,22 7.50
16.5 1.75 5.19
28.7 2.95 17.3
23.1 2.9G 7.73
36.5 2.52 19.5
13.6 3.15 9.59
3.09 .903 5.35
4.04  .974 8.82
4,78 1.12 §.31
2.55 .335 3.80
y. 27 796 5.31
6.03 56 5,07
4.81 .540 2.86
4.80 .353 2.95
5.41 1.09 4.27
3.62 970 2.80
9.78 1.48 30.1
11.7 2.00 12.4
6.96 1.08 15.2
6.05 .933 6.83
1.41 .PL6 473
3.55 .767 3.86

Liver

889.
1,820.
381.
780.
680.
399.
98.
141,
15.
T1.
7.
70.

59.
23.
60.
23.
28.
T70.

HEHEMDONW WNNDW N

@

97.

W
(o))
N M

(9
Qo
MW N

Viscera

3,590.
3,890,
332.
b 020.
645
331.
180.
417.
€9.9
21.1
5.68
15.1
328.
89.
16.
13.
12.
23.

O N oW

84.4

13.

18.
11.

- 59.
101.

n N F R Ve 10 N e ol

29.

Fntire

10.

21.
22.
18.
15.
17.
12.

O & &N &0
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Date and
Island

7/16/54
Kabelle
(cont'd)

12/27 /54
lagoon

12/8/54
Lazoon

1/25/55
Rongelap

it iak

1/26-29/55
lagoon

1/28/55
Labared j

{Table T cont.)

Common
Name

squ%rrel

tuna
”

snapper
surﬁeon 2
1"

blenny 2
(4] "
1"t ”

damsel 1
11} "

1 "
" 4]

goa%fish

squ%rrel
"

grouper 3
" E1

" l
jack

grouper
4

[]] u
snapper %

" i

[1] 2

damsel 2
" "

" "

" 1

" L]

surgeon
ngeon 1

” 2

narrot 1
L] "

" "

1
"

"

51~

Skin

1
1

5

3.

1

1.

2
1

2.

2
2
1

1

. 596
.32
.37

.73
86

.960

.209
.196
.097
.08%4
.062
.561
347
.318
.668
.399
.298
.509
.51k
187
47
.685
473
721
752
.216

.25
52
.20
.62

o8

720
.05
.10
.90
.G32
977
.68

. 725

Muscle

.399
.45}
467

.079
.139

.218
.061

.040
061
.052
.065%
.063
.085
.103
.091
.106
.082
.084
.138
.14y
.093
.052

.072
.089
.191
.375
.386
.165
07U

.728
. 374
.436
.133
.251
. 145
.149
.115
.201
. 147
.184

Bone

N

.850
.95
.25

770
.251

.T24

.81

[ =

b DR DWW

214
.073

-195
.140

.30
.h49
.295
487
.907
.352 .
.981
LT3
4

.32

.378
.682
.11

.879
.395

671
.694
.682
-4990

.08
.62

.16
.65
.10
.21
.815
.06
.59

.818

Liver

10.

Sk.

61.

.76
.09

st
WRRUWO W WWLOHOENDHWAIWNON N =W &

fd

n
—

H
NI O )

n)

5

.79

.15
.04

.545

.998
.80
.92
.15

.89
-59
.99
.07
.01
.63

.23
.02
.30
.48

.84
.91
.6

.93
.07

.75
.63

QG
.T3
.0

4
.26
.88
.8

3.79

P s sl

Viscera

48,
17.
12.

1.
.972

NNV WNO HWN R~ NN O WN -

~J

10.
12.

7y

=4y B
9.
3.

45.

29.

385

2

7
1

28

.14

.02
el
77
.3b
.34
.91 -
.37
.27
.08
.96
.01
.50
.91
.59
.87
.64
.21
.09

-

.986
.766

.86
.53
.30
.32

n &= 0

5
0

7
1
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(Table I cort.)
Date and Common
Island Name Skin Muscle Bone Liver Viscera
1/28/55 mullet 1.05 2.49 1.91 8.22 286.
Labared§ " .564 .265 .537 4.35 6.6
(cont'd . 1.35 513 1.9 5.50 47.0
. .789 496 1,09 28.3 54,3
.611 .236 758 4,81 19.5
blenny 2 1.65 264 1.29  10.1 37.5
" " 614 .306 1.41 8.74 24.3
f " .782 408 1.50 14.8 25.1
! " STT .278 1.84 144 43.8
1] " .269
wrasse 2 1.63 .348 1.43 3.97 18.2
" " 1.47 401 1.76 4,05 14.8
grouper 1.08 175 1.50 2.75 4.68
" .828 a7 1.05 15.1 3.25
goatfish 2.34 L3385 3.88 17.5 26.4
lizard 2.13 L300 1.83 6.51 1.52
" 1.61 2386 1.13 14.5 4.51
" 1.92 252 2.08 3.81 1.93
1/29,/55 mullet 1.19 .181 .952 5.74 9.35
Kabelle " .382 .166 .612 3.45 16.9
" .587 .184 .926  4+.80 11.2
surgeon 2 .641 .125 LO4Y 4.05 2.30
" .649 .139 906  3.03 3.76
damsel 1 1.46 246 1.70 10.2 15.8
" 5 1.11 .168 .683 9.02 4.06
blenny 1 .509 .167  1.02 3.35 11.6
" 2 .525 .253 1.92 .54 11.2
goatfish 2 1.36 299 2.23 8.00 14.4
" " 1.78 U436 2.97 1.3% 10.3
" " 1.05 .264 1.36 18.1 9.85
shark .687 .125 .191  2.67 .490
grouper 4 433 .110 .504 6.94 2.77
" " .826 117 .T726 12.2 6.24
! " .622 .108 .606 13.0 .249
1/36/55 demsel 1 3.44 .350 2.40 27.4 37.6
Ge jen wrasse 1 1.37 .215% 1.42 15.3 8.62
- grouper 4 1.34 279 1.79  21.9 5.02
" " 1.39 273 1.15 38.1 6.65
" " .591 .118 .368 2.32 1.21
" " . .861 .268 1.13 4.38 2.36
W 5 1.20 .36 1.42 4.77 1.78
goatfish 1  2.54 405 4,95  18.0 17.5
flatfish 3.18 .248 1.96 3.70 5.30
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flatfish

grouper

1
2
w 3
h
" 5
" 6

T frrak
Lerriag
jack
lizard
mullet

parrot 1
i ?

shark

snapper %

sQuirrel 1
"

2

H 3

sur%eon 1
’ 2

tuna

rasse 1
n 2

_53 -

-1L1ific Names of Fishes

stiblennius edentulu:>
vaulus

Chaetodon collaris
lunula

Abudefduf sordidus
Dascyllus aruanus
Chromis caeruleus
Pomacentrus nigricans
vaiuli

Bothus mancus

Mulloidichthys auriflamma
samoensis

Epircphalus elongsatus
"fario
hexagonatus
merra
apilotocens
Variol: louttl

Hypor. . arhns laticeps

Snratelloldes delicetulus

Caranx melampygus

Synodus varlezatus

Neomyxus chaptalii

Scarus purpureus
ST.

Carcharhinus melanopterus

Letas'r | sp.
Luc .+ . sp.

Holocentrus sammara
Mxpipristis multirediatus

sp.

Acanthurus elongntus
" tricstegus

Gymnosarda nuda

Gomphosus varius
Halichoeres trimacula*ua
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_Table 1II.

Radiocactivity of Coral
from Rongelan Atoll, 1854-55

Values expressed in thousands of d/m/g of wet tissue

bate and
Island

3/26/54
Kabelle

7/16 /54
Kabelle

1/29/55
Kebelle

1/28/55
labered]

Fungia Hello- Lept- Pocillo- Porites

AN
oW
~I\O

xR~



o2r” - Lot uanyn]
. ®G1:
. otc” uslap
. €92° Getr: GgGe/0e/1
0" #50°
. LG0* Geo*
1¢0° gec”
940" 290" f paasq¥]
94%0° 620"
660° TET
sT” e
. 601" A a1Teq®y
JBoT Aaswiad hEy: 280" 2Lt gs/62/1
160° weo:
8s0° 990"
Eq0° ¢co-
60" 250" deyaduoy
. 1e0° Geo" 6a/9e/T
£10° 160" g€eo’ dgreduoy
J : €90° #90° 2€0° %S/e1/<
m i sge- 1951 991" 160°
W Teotpad 9GT* LET gser 9L'T . #lU 990" STT2a%y
3 JSM0TJ BJdT3U9 €QT° G60° ©60 " GqT* 0.L0°® 0go* #S/8/2
, TooTpad Qof*
1 I3n0TI u 889" o1e"”
" u 10" go¢* € 1T 64’ C188 9TTeqsy
1Inag edI3ue T8 6Le 96T  162° ot ns/91/.L
" Lavuiad *O1T
3004 £JBDPUODSE *€6¢ A
) Twuxsjuy " f1° (€ gh° T
. IBUJS3XS ‘JESY PO "2H1 €L°1 ‘€6 LL°€ . RUE e11eqsy
m : J8oT Auaswiad ‘qre €1°€ L4t 8.8 Ggre entt 76/92/¢
OSTH T1euUs Xsny uixs 1B3H ATTRW mmmﬁwwwa
enss1y 19m Jo J/u/p JOo spuwsnoyi urg paesaJddxs sONTEBA
GG-#GET ‘1T03V dulafuoy

ROSZ ®BBULOOS SO L3TATIOWOT DAY cAY &Tawl




-58-

dnd 990"

*O8THW

oHo*
gco-”

«pT”

0LO T

E8ABIT

got”
T.0°
370"
50T°
88C"
0LO*

urAs

6c0°

62T’
i’

FAS

gho"
£60°

getr:

hil”
891°

spoag

cic:
£.0°
220" ‘10t

6T 190 ‘fLITC
061"

620"

oTtl"

QLT

29¢”’

510

%1’

990°

650"
290"
2g0"° eno° 250’
£€o"
who*
€0

gt

u0TII04 9TQTPH

nodmanm
ysenbs
snurRpuUBd

11}
100JM0JdJdB

[ 1]
sfrdwd
100JM0dd®
snuBpuURd

1]
100J40JIR
snuspugd
1004M0dJB

snuspusd
BPUTJION
100JM0JLB

wrgded
ysenbs

e

BPUL IO

ame

8NESTIT 285 JO w\s\u JOo spuwsnoyl Uyl passatdxe 'saNTBA

GG-456T ‘TT0aV dereduocy Eo#m 83NU0D0)
usyl JI8Y3Io ¢1UBYTd 9TqQIPHA JO AITATIOBOTPRY

dersduoy
uafan

Tel1nwoy

[ pouasqwl

a11oQuwy
€G/62/1

deToducy
#5/81/21

{ paasqe]
75/92/ €

pusisI
pus 21%8d

*A 91QBL

17254




e il

-59-

-

3upyuroo el03eq peysem orduwes /¢

_ 308013 /Z
“EUBJo1 sTanado] ‘T seead {EuequNooJd

®IjeJuTray ‘¢ qaey fwoovIoTo BORINGI0d ‘Z Qasy fBIPUBILOq BIARBUJIGOf ‘I gIey {emyljdem BUBTING

‘2 qnyys STueosesrIy B10AGBOS ‘T qnays fBsojoeds ®pIEJQeNp ‘¥ 9913 fBOquUSdIE BIDTYISIOEEON 1 903 \m

1°2T €*01
09°2 oz*Y
et 66Y*
g7°1
gy g
81€*”
L0°2 . €€°1
Z°€T 18°91 LL*Y
09°1T  ¥67° 066° T6°C
657y L16° 776° L88°
¢Z°1 09°2
992°  9T° TLTe 96%°
€5°C  09L° 581 . 0¢°¢€
oes* sor v€9°* 80°T
. 7°8T m (&4
™1 15Tl 6°C 126°S
o ez ez fooe tesee
g-ut s9cv  /Eigew  fegzr/Eoweer fecr
9679 vest  STo€ /e §7°1
€°TT 896° oL TAR
€L o€ W't
9¢ce 066°€
T ezt 002°zT 1651
z8L L8
| ozt 0€0‘T fo9zZéc
, oYy 0°Y1 080°1
, 20t 6°T7  0£9°1 0L0‘c
0£9°T
JNTeE  pOsIEqaq Egelic PaxXT cwmmu
83004 sme%g BOABO]

YL°1
9€gE® 6T
1% S
€Lty
TL°T \Mm@.m
o —GZE* § 1°
€Ty \mm e* 9
£v6° T1i6°
95°T §65°T
Y0°C 80°1
oy ol §
/3 697
. °008
L*C9
prg-Teotdy 195073
TInd

anceTy 391 JO u\ﬁ\m Jo spuestoyg u7T pesgsadxo SoUTBA

LTUoURINS DEGWHL VORI XTOUHID S€3URNTS S L34 TADWO TOWR

SE-HC 6T “TTOo3V dereluck moay udren

"TA OTawsx

1 ssux3
€ qasy
< qaey
T qaey

1 qrays
Z o213
T o613

1 ssvxd
£ qaoy
T aasy
T qrey

T qnays
¢ oexy
T o8a%

1T es8a3
Z qaey
T qaey
Z quIys
T Quays
T ©eaq
1 @03
1 ssead
¢ qaey
1 qaeu
T qaey
T qn.uys
< eexy
1 eexy

AT

G
$5/62/1

e1Toq%y
vs/8/et

e1Toq®y
%/91/L

etTeqey
%/9e/€

Cpereqe]
$/9t/¢

puels]
pue ejeq

69

N



-60-

+ds

BIJd81] 084D

o
N\
=t

(1

o%"c

BEOUJIBARD
BTJI0BYyUS
-0X73971Q

-

o
MN~-O =

DM

.
N
(Y

= U

y3LLS”
\Mumm.ﬁ
L oG

T MOV M
~ ONN OO

4
r

(Yo RV}
o0

Ta¥ea Vo WoURTO NN VI S
~— o

09¢"' T
‘dus
ERSTIIGCR)

swans \M
ssawal /T
nGe 19°8
£9°1 SO .
6ng* oL e us{ o9
6T “Heq® .
2i'ec 922 ,09 ‘91T199%)
22’1 569°  69°€ TLTU 66°L JJo uoodel
€G L ,05T ‘dereduoy
gl JJo uoodel
851 HO18BIUNY
en'¢ ee5 GqG/0€-L2/1
00" mﬂﬁwnmm
25 fal'¢ %5/8/2T
0°G1 *CIT ‘6" 19
0°0T {G'6T 9°8% ‘h'RE a1Teqwy
L'0T €20°8 L°Th f#'tH wS/91/L
(0]% ¢ a118qsvy
SEL 001G 08k ‘T 7s/92/¢
*dds +dds uoAq07TpP ®WOIDUT pPuBIsI
BpPOWT] [ 9H -0JO1NW CEEG S pur a38d

ordwes 38a Jo F/w/p Jo spuwsnoyl uy posseadxs mms~w><

GG-7G6T
9BITY SUTLBW JO AQTAT1IOBVOTIPBY

‘1102Vv deTsduoy woay

"IIA 9T9w®l

7



"BOTUTWODP STIBTJNId ‘adoA01d ‘BllouTJOuw s3adJ9jul BIJBULSJIY_‘auojsuany {118ad0q BUJB3S _

‘ugey pajsaad (-ds snijudumN ‘maTJand feqle STBAD ‘uasy Latej :sSnpTIO3s sSnouy ‘uae) LppoN /1
191" ohe gee  L1E 80" gotT"  16¢ uaay Lateg : "

961" efno” 760" 061" uae3 Lppou uafap 9G/08/1
630" gce’ Lie’ wee: TAN 640" 269 “ “ u u .
761" 2gl” Che”  goéer 190" 0" 6le uagey Katreg u " -~
13N HO' T SMO. #\L T O:N @mm. @N.\L. ‘ i n m o R
¢go" c6e €12 oth’ SHe” o' 6eg’ uae3 Appou fpaaeqel 6G/ge/1
10°1T  oén’ JAS RIS & GG 060" 1€€° aaaod " "
00g" 996" sty PXei % ghe” 10T otf” auojsuany “ w
of T 16°1 6L 1 22 701 €29 61°¢C " 0o " “
269" aQs felon Go e 9G" 1  19¢° 9%6” " W " u

121 €9 1 61T g6'1 LGE" feE” 91°1 " i " "

o1 1 gc e 76°e 114 91°'¢ <c16 1€° 1 " " " "
S66° 85" e 26"z lo°¢ 60°T  16G° e 1 uga3 Aatel detaduoy ¢G/92/1
21T #6¢” 6he:  GERS . 99e’ 17T ©1g<” i 0 a "
AR 162" 869 Iy’ oceg” cor” 166" uaaj LateJ " “

S heU GER” 805" 16€° ont 71.0° gg° 1 " M " “
© lqU 168 RIET SGe gIT° 090" 68l uza3 Appou 2T19q€N 45/8/21
g 1le 62t 9g'e GL'I L't el e o 1S 1 MaTJand " "
£6°6 AR G0 g 2'1T 042 €52 18T 186 “ " N "
€01 mm.m G €1 "0GT 0O'Ce 6L°e c1'¢€ gL'9 uJaj pajsadao i "
ce'1 6L ¢’ €8°¢ oLt 15T elS 129" " . " "
* 81" 1 01°9 ..  f£°8 0°'#1 €eg° 20T 021 uaag3 Aayey " "

g0 ¢ 828 LL'9 0°It 002 E££°1 eg'1 621 " " " "

66" 1 90" ¢ 8G9 gt CO'6 621 €69 85" 1 uJag Appou a3TTeqeM #&/91/L
0°99 "162  0°6L 0Ll 0°S1 79E 07 L1 *0l6Y M TanNo " "
0"tl 0" 1¢ o'ehy 8§91 " Q62 01T Oof 6 " 0g¢E " u " "

"€6. g'cl 0'le @g'¢1 06t °19 1.°9 e uxay LayeJ " "

€9 07499 0°65 0'{1 L° 89 0°LT O 1% " o a1TaqEy "
0°G9 0°£5 o'el f'te ‘12T 91°6 "egh uge3 Appou [paaeqel #S/92/¢
umayl AsUpTH Jd8AT] Suny proufyl 3uod atosny ugrs \.ﬂwsmz puelsl ajeg

anesT3 3oM Jo I/w/p Jo spupsnoylz ug passaadxd sanieA
GG=niGT ‘TTOIV duUIsTucoy 2V PeIDSIICD SPITF JO A3TAT12B0IPEH “IIIA SIQWRL




-~ ~Tahle IX. Radioactivity of Tern Zggs
from Rongelao Atoll, 1954-55

Values expressed in tnousands of d/m/g of wet sample

Da;zlgﬁg Eggshell  Yolyk White Embryo
7/16 /54 1.14 .804 .508
Kabelle 2.15 2.03 .795
1.42 2.08 .905
1.48 L, ap .056
.956 .409
12/8/54 575 JA21 .018
Kabelle .581 L147 .023
. 789
1/29/55 .376 . 065
Kabelle 272 L0390
.280 .o48

.035
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Table X Radloactivity of Plankton, Soll-Sand, and
Water Samples from Rongelap, 1954-55

Plankton - Values expressed in thousands of d/m/g of wet sample

.. 3/26/54  7/16/54 12/8/54  12/18/54 1/26-30/55

Off Lukuen 3.39; 9.61
" Kabelle . L.,73: 5.84 13.7; 22.8 4.01; 12.8
" Labaredj 306. 11.0; 8.54 2.04: 0.90
" Rongelap 1.18; 2.10
Soil-Sand - Values expressed in thousands of d/m/p
Island Soil Beach Sand
3/26/54  1/16/54 12/8/54 1/25-30/55 12/8/54 1/25-30/55
Lomuilal 166 35.9
Ge Jen 830 6.16
Kabelle 2,000 312 315 106 20.5Y 13.7
" h21 596 5.04 3.04
Labaredj 17,000
" 13,000
Rongelap 2.34 1.16
Lagoon bottom, 1429-30/55 . ¢

ok %A WK B2 2n-3
Lomuilal, 55' 22.9 27 .2 17.8 16.3 17.9 4.5

O"l” 1_2 " 2-_31' 3_2; A u-s " 5-611 6-7 0"
Kabglle, 60" 19.2 16.9 16.9 16.2 20.0 7.47

40" 0.3 16.9 21.4 21.8 10.3 3.35 3.29
Labaredj, 150' 1€.2

Water - Values expressed in d/m/ml ¥ 0.95 counting error

Lagoon Water Fresh Water
7/16/54 1/26-30/55 12/18/34 1/26-30/55

Lomuilal 6t30 -
Kabelle 3.3% 31 %.3 t 3.7 : ng. * 3.2/

" 2.3 ¥ 3.0

" b1 7 3.2

" - 4.8%t3 p
Labared ) 6.8t 3.0 25, t 2,22
Eniaetolk 17. E 2.2ﬁ/
Rongelap - 5.6 % 3.0 3.4 t .203/ b.2 T 1.82/

' 2.6t 152/

" 1.9% 153/

! 1.8t 213/

1/ at high tide line

2/ cistern water

/ filtered well water

g/ standing water
ground

lf“""f -
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Table XII.

-

Plate No. Date and

4932
4033
Lozk
Lo35

5036a’

Lobl

hoys
koué
Lo47
4048
4049
4050
4051
4052
4053
Losk
4055
4056

4057
4058
4059

5030
5006
5008s

5016
5017
5023
5057a

5078
6009

6018
7002
7003
7021
7030
7032

TOL4O

Island

3/26/54%

Katbelle

Labaredj
Kabelle

-65-

- X,
r=t 7y ty =

Substance or
Organism

damsel fish

" :!
" "
" L]
L1 1

squirrel fish
” (4]
" n
(1] "
1] "
" "
" t

" "
" "
" i
" "

parrot flsh
" "
u n

n "
" "

.'
g-%nt c%am

" "

spider snail
" 4]

sea cucumber
shore crabdb

coconut crabdb

Messerschmidisa

Boerhaavia
sogty tgrn

falry tern
sogty tgrn

curlew

Physical Decay Rates of Rongelap Samples

March 1. 1954
No. of
Tissue Times
Counted

skin 2
muscie 3
bone 2
liver 2
ot 2
skir 3
muscle 4
bone 2
liver 3
gut 2
gill 2
skin 2
muscle 4
bone 2
liver 3
gut 2
g1i1l py
skin 2
muscle 1
bone 2
liver &

gut 2
mantle 33
muscle 24
visceral

mass 18
mantle 13
muscle 13

" lu
gastric

mill L6
gastric

mill 15
debarked

stem 34
leaves 33
bone 17
liver 13

11} 13

" 13
kidney 31

L] 15

X,
Decay
Rate

* e« s 8 e

n N YO O -3 wz:m-\la-o\wmmcnfn\n M- N
~NOON NN O~NOFNW O AW Nt =

W N ks e
~ & &

LV

ife ~80-4d)

S T N o VT ™ i W i W i R R W RN W W U R

W
|2 R V ¥

N NN
(0o J@ANG]

e T
(W]
-

.36
1.17, < 90 days
1.59, >90 days

1.83. >90 days
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v1; able XIT cont. ) ~66 -
' No. of X
Date and Substance or ’
Plate ' z Times Deca
ste No Iiland Organism | Tissue Counted Ratey
7500a K
7501 3£§€£2:dj soit top inch 40 1.35
501a " 1 "
&  7502a Kabelle " " " Zg 1.33
4 8203 Labaredj plankton 8 12
5. i} . .
8240 Kabelle 8 % i?
6844 7/16/58  Halimeda entire 8 1.05
12??2 Kabelle 3/4-inch coconut " 6 O:Sh
10157 goa&fish skin T 0.99
! 12183 " guscle ; l.lﬁ
4 15120 " one 1.1
i 12125 " liver 7 1.75
12186 herring :1:§era ; 138
ntire 1.30
iggg% butﬁerfly f%sh skin 5 1.70
12203 . ; muscle 8 1.42
1550 n ) bone 5 1.39
12508 N . . liver 4 1.74
10933 viscera 5 2.14
15532 surgeon f%sh skin 5 1.49
12533 N " muscle 7 l1.22
15530 " . ggne 6 1.26
1o53s ) ) ver 5 1.5%
12532 q viscera 5 1.25
15537 awsel f%sb skin 5 1.21
5 SR ) " muscle 7 1.44
§ = S
D . ) ver 6 2.06
4 15541 viscera 5 1.25
éﬁ T mul%et skin 5 1.31
2 12043 " :gSCIe E 1’33
ne .
,3 iggﬁg : liver 5 1.79
! 15523 viscera 5 1.25
g 1225 grouper skin 6 1.26
o 52 " muscle 6 1.41
E BT - T " Tive s 33
Y ver .
2 12255 " viscersa 6 2.40
3 71 o tern eggshell 4o 1.76
d 99u7 12/8/54  soll mid-island 10 1.36
E 9949 Kabelle intertidal 11 1.23
10700 cocgnut meat 12 0.96
10706 milk 11 0.24
10745 Halimeda entire 11 1.22
10748 Caulerpa entire 11 1.33
19006 plankton 10 1.36

(a,



