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OT 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

studied and evaluated by the Applied Pisheries Laboratory,

University of Washington.

During the first expedition to Rongelap Atoll on March 26,

1954, biological samples were collected and measurements made of

the radiation contamination. On three additional expeditions

extensive collections of material were made for this study, the

last on January 25-30, 1955.

The decline in radioactivity was measured in 1499 samples

of fish, invertebrates, land plants, algae, birds, plankton,

soll and water from the Rongelap area.

During this study particular emphasis was placed upon evalu-

ation of the radioactivity in food used by the natives. Coconut

milk collected on March 26, 1954, contained 1.03 microcuries per

kilogram of wet tissue while the coconut meat had 1.16 uc/ke. By

January 25-30, 1955, the level in coconut milk had declined to’

0,042 ue /ke and the meat to 0.036 uc/kg. Fish muscle on March 26,

1954, averaged 2.74 uc/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 radioactivity was highest in the northern

portion of the atoll, except for samples of algae and fish-

eating birds, collected during January 1955 from the gouthern

part of the atoll, which had higher levels of radioactivity

than samples collected from the northern islands on the same

date. This may indicate a translocation of radioactive

materials within the lagoon.
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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 Bikini Atoll on

a quarterly basis to ascertain the levels of radiation remaining

during the year following the test program. .

The unexpected pattern and magnitude of the fallout of

radioactive matertcls 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

in 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 radiological 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
TO
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a8lands in the southern part of the atoll.

Collections of plants a1.) animals, soil samples and radia-

tion readings were made at Labaredj Island on March 26, 1954,

Radint2on readings were obtained with a Juno (AEC model SIC-17C,

Serial No. 89) under a variety of conditions. The shield of

the instrvment was closed for the first reading and open for the

Second for each of the locations listed below.

Radiation Levels Labaredj Island

March 26, 1954 - mr/hr

3 Location Height 3! Height 1"

H Intertidal zone 26 '
a3 31 .

a High tide line 215 300
a 395 1000

x Open grass area 250 370
ay on island ' 330 900
: = Hy

a) Open grass area 240 280 a
, on island 500 700 (6"

4 In Pisonia woods 270 600
aI 700 1500

4q Beech rock slabs 37 29
100 400

q Reach above high 180 220
4 tide line north 300 600

: side of island

s East side of island 200 220
above high tide 350 700
line

& second series of collections vere riade on tne sane day

at KabeJle Island in the extreme northeastern part of the lagoon.

ar Radiation readings were also taken at this island as follows:

 



 

a --- ~ Radiation Levels Kabelle Island

March 26, 1954 ~ mr/nr

‘ Location Height 3' Height i”

9 Beach rock inter- 48 30
= tidal zone 90 300

by Beach sand at 190 15¢
* high tideline 260 350a

ae Edge of brush line 280 370
Pt on island lagoon 500 1400
a side

= Open area in vege- 300 410
= tation-covered 600 1700
a portion of island

z Coconut grove on 250 480 \
= lagoon side of 370 1500
a island

Edge 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.

4 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. Pautzie.

Collections were again made at Kabelle Island and radiation

readings taken in the same general areas as those recorded on

so March 26, 1954.

UMVEE
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--- ~ Radiatton Levels Kabelle Island

Joly 16, 1954 - mr/nr

Location Height 3! Height 1"

Low vatexr linea 9 15

High tide mark 20 70
en beach

50’ inshore from 29 100
high tide lire

100' inshore froa 23 100
high tide line

On Seaesvola brush 28 109

Under Messer- 39 100
schmidia :-

Lee edge of coco- 20 80 t
nut grove

Middle of island 25 90
in dead brush

Open clearing in 27 45
middle of island

Middle of coconut 20 60
grove

During the month of December 1954 three collections of

samples were made at Rongelap Atoll. For the first trip on Decem-

ber 8, the U.S. Naval Station, Kwajalein, provided a PBM

(No. 2471) with a fine crew. Landings were made at both Kabelle

snd Rongelap Islands. Dr. Walter D. Claus, AEC Division of Biol-

ogy and Medicine, accompanied Edward Held, Paul Olson, Robert

Taylor and William Blakeman on this expedition. Film strips were

placed at a number of locations by Claus, Teylor and Blakeman to

record radiation over an interval of time.

On December 18, the Navy again furnished a FPBM for the trip

to Rongelap to pick up the film strips and to collect additional

Ursin’

UNik. wt
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biological samples. A successful landing was made at Rongelap

 

Island wherethe 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

Zigman of U.S.N.R.D.L. accompanied Lauren R. Donaldson, Jared

Davis, Edward Held and Paul Olson on this trip.

The most extensive survey and biological collecting trip

vas conducted at Rongelap Atoll from January 25 to January 30,

1955. This survey was made in conjunction with U.S.N.R.D.L.,

vith the U.S. Navy furnishing the 0G vessel "Rio Grande" for

transportation and support facilities. Allyn H. Seymour and

Frank Lowman, Program 19.1, shared the responsibility for the

biological sampling. Readings were again made with the survey

meter on almost sll of the islands visited. The readings were

taken at a height of three feet unless otherwise noted.

Radiation Levels Rongelap Atoll

January 25-30, 1955 - mr/hr Rongelap Island 0.5
Eniaetok Island 2.9

- Busch Island
ng Labaredj Island
1 ~“Kabelle Island

Lomuilal Island
Gejen Island

1.5
2.5
3.0
5.0 at ground level
8.0

_ 7.0
Lukuen Island 4.0

The collections at Rongelap Atoll during this period of

study provided material for 1499 samples which have been proc-

a
B
e
d
a
.

essed, the radioactive content determined and the results tabu-

lated and evaluated.

: UNIVER
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Semple Processing Procedures and Techniques

The techniques and procedures used in collecting, storing,

preparing, and counting the Rongelap samples were similar to

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

(UWwFL-33).° The specimens were put on ice while in the field.

Tissues were dissected, weighed and dried at the Eniwetok labor-

atory. At the University of Washington, the dried samples were

&shed at temperatures up to 540%, cooled, slurried, dried, and

then counted in an internal gas-flow counting chamber. Counts

per plate were converted to disintegrations per minute per gram

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)

was converted to microcuries per kllogram by

uc/kg = _d/m/g
(2.2)(10)3

Radioactivity 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 in Figure

2. It should be noted that the differences due to species and

 

* Radioblological Studies at Eniwetok Before and After Mike Shot,
November 1952, Lauren R. Donaldson, Applied Fisheries Laboratory,
University of Washington, Seattle, Washington.

** The rate of decline is a phrase coined to express the combined

physical decay and the biological uptake and decayrates.
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area, which are considerable and which are evident in the tables

of the appendix where all the itndividual sample counts are tabu-

lated, are not apparent in this generalization. The significance

of these differences, however, is discussed on pages 11 to 34.

From Table I and Figure 2 the past, present, and future gross

radioactivity 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 ts

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 origin.

From this data it appears that mixed fission products

are the principal source of radioactivity in the food stuffs.

Exceptions are bird thyroids, in which the radioactivity was

practically all q231, and the gastric mill in a coconut crab,

for which the decay curve was nearly a straight line on a semi-

log plot. For the purpose of making 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

and found to be -1.75.

The variation in radioactivity associated with area, in

most instances, is related to fallout. Rongelap Atoll was on

UNIVE
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.J the southernedge of the fallout from the March 1, 1954 Bikini

4 experiment and as a consequence trere was considerably more

am redioactivity in the northern part of viat erea. The biological

m amples show the same pattern except for the bird collections

a and the algae and sand samples from deep waters of the lagoon,

taken during January 1955.

   UN
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EvaluationofRadioactivity 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

waters cf the lagoon with hook and line. Two flying fish

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

durin; oo aight.

The sp...-5 SéloCin: oof analysis are those commonly found

on the atolis end used io> “sod. They include damselfish, .

Broupers, parrot fish, squi:-:1f4sh. surgeonfish, goatfish,

wrasse, snappers, mullet and wuuna. The scientific names of the

Species are given in the apnendix.

The tissues used for analysis of radioactivity 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 similar species from the same

locality, analysis was limited to the samples from Kabelle

Island. Collections of fish were made in waters adjacent to

this tgsland on March 26, 1954, July 16, 1954, and January 29,

1955. The collecting area lies near the north end of the

{sland and consists of a coral-filled channel open to the sea

at high tide. The radioactivity of the tissues from the fish

collected at Kabelle is summarized in Figure 3. The data are

listed in Table IIT. AONawa

TMEN, i
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‘.. AVE. DECLINE
SKIN “ALL FOOD ITEMS   
 

a
‘- 0.1

MUSCLE
7 + JULY 16 JAN.29
a 0.054 = i i ra ‘ ‘ ,! L po

a 25 50 190 500
a DAYS AFTER MARCH I, 1954

i

a FIG. 3 AVERAGE AMOUNTS OF RADIOACTIVITY IN MICROCURIES PER KILOGRAM IN

a FISH TISSUES FROM KABELLE ISLAND 1954 —i955
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These data substantiate the general hypothesis, mentioned

earlier in this report, that the radioactivity in the tissues

appears co be due principally to mixed fission products. Devi-

ations from & straight line in the curves might be due to

selective 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 favorably

with the average decline curve used for all food items discussed

at the beginning of this report. .

Differences between the omnivorous and carnivorous fishes '

as to amounts of radioactivity in comparable tissues were great-

est on March 26, 1954. These differences decreased with pass-

age of time ...d by January 29, 1955, were negligible in some

tiseuus (Figure 4, Table III). These same data when analyzed

hy d:2inite species of omnivorous fish (damselfish) and car-

nivorcus.fish (grouper) show the same trends (Table III).

Variation in radioactivity, associated with area and re-

lavsd to fellout and current movements within and “round the

HLoil, indieates en increase in the contaminstion of the atoll

from south to north (Figure 5, Tabte IV}. The Lagoon fish

taxen in the northern part of the legoon, crf Kabel: cr Mell:

Talend, are comparable in levcis of radioactivity to ~eef fishes

‘akon in this region. The two flying fish taken cutatce the atoll

are remarkably alike in tissue radicactivity-.

2u
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Invertebrates

Rongelap invertebrates showed levels of activity of from

= to 104 uc/kg on March 26, 195%. By late January 1955 the10

levels had dropped about two orders of magnitude. The almost

ubiquitous black sea cucumber, Holothuria atra, serves best to

exemplify the trend (Figure 6). Next best as indicators were

giant clams, Hippopus and Tridacna; land hermit crab, Coenobita;

coconut crab, Birgus; corals; and spider snail, Pterocera.

Radioactivity was highest in the digestive and excretory organs,

intermediate in the integumentary organs, and lowest in the

muscle. Actual values for the samples are tabulated in the

Appendix. The kidney of the giant clam (Figure 7) 1s 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 radioactive northern islands in

March and July 1954, and from a less radioactive southern island

in January 1955, shows the effect of geographical differences in

radioactivity upon the trend of decline, accentuating the slope

in the later period (Figure 8). The spider snail was similar

to the hermit crab in the level of activity of its tissues,

while the corals were about an order of magnitude lower.

Land Plants and Algae

Land plant and algae collections were made at Labaredj,

Kabelle, Lomuilal, Gejen, and Rongelap islands. Most of the

edible plants were collected in December 1954 and January 1955

&t Rongelap Island. These were coconut, squash, papaya, arrow-

Ts \
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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 vicinity of the fish-collecting

stations.

Sample values are given in Appendix Tables IV, V, VI and VII.

From these tables it can be seen that the activity varies widely

even within semples of the same kind. In January, for example,

the pulp from one papaya had an activity of 8.6 x 107" uc/g (wet),

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

while the pulp from a second papaya specimen had an activity

of 1.3 x 10°! uc/g (wet).

In both edible and non-edible plants the specific activity

was higher in the leaves than in 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,

indicated rapid uptake of fission products by absorption through

the root systems. Later collections also indicate uptake of

fission product material within the leaf tissue. For example,

leaf buds formed after the initial fallout contain as much

activity as do older leaves, and washing removes very little of

the activity.

In the earliest coliections the bark of shrubs and trees

and the epidermis of edible plant ports contained from 14 to 40

times more activity than the internal parts. In the later col-

lections, however, tujis ratio wes always less than two. It is

not definitely known, however, whether differential uptake or

Ty

pris. , 2
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residual surface contaminatton eccaunts fur the higher activity

of the external plant parts.

Levels of activity in successive 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 4& trend toward increasing activity

levels (Figure 9). This could be due to 2 sampling error, but

might also be a reflection of greater availability of the fission

products to the plants asscelated with more rainfall during

late December to January.

The values for 4rrowroot collected on Rongelap Island in

January 1955 fell within the range of values for arrowroot from

the northern islands. The same is true of algae collected at

gepthe of 10 to 25 fathoms in the vicinity of Kabelle and Ronge-

lsp Islands. However, the maximum activity levels found in

Halimeca sp. and Caulerpa sp. from Rongelap are higher by a

facto: of about two than the maximum levels found in the same

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

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

the vadizactive materialis being redistributed throughout the

&toll,at teast in the deeper waters.

Decay rates of five individual samples of algae and land

plants collected in July and December 1954 indicate half-lives

ranging from 160 - 210 days during the period from December 1954

to April 1955. A sample of coconut milk coliseeted at Kabslle

island in Decenber 1954, however, shows a haii’-life of approxi-

mately thrce years. The slopes of the decay curves of land and

use
i
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marine plants, other than the coconuts, differ only slightly

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

fe
r
u
t
S
i
o
u
i

si
de
s,

the average slope being -1.25 (-1.05 to -1.36). This indicates

s that in these plants little or no differential uptake of fission

product material has been taking place. In coconuts, however,

fission 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-

“@ nut milk indicate a different isotope mixture from that found in

je 643011 collected in the same area.

Birds

 

- Birds were collected at four islands of the atoll. Speci-

mens from the northern islands of Gejen, Kabelle and Labared j

were considered to be from the same area and were collected on

&ll four dates, while those from the southern island of Ronge-

a lap were taken only on January 26, 1955.

. & The birds are of two types as based on feeding habits and

Migratory characteristics. These are: (1) the noddy, crested

and fairy terns, which tend to stay in the vicinity of a few

islands within the atoll and feed principally on small fish, and

3 (2) the migratory shore birds, which are transients and feed

, mainly on crustaceans along the beaches. The latter group in-

cludes the plovers, curlews, turnstones, and tattlers.

The terns, because of their limited tendency for nigratton,

are more representative than are the shore birds with regard to

@ chronic uptake of radioactive material.

AT
TAS
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The shorebirds contained greater amounts of radioactive

macerials in the different organs and tissues shortly after the

fallout at Rongelap than did the terns. A similer tendency was

noted in 1952 at Eniweto: following Mike shot (see WT-616

(UWFL-33)).” However, the average levels of activity in the

organs of the shore birds decreased more rapidly with 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 end migrational characteristics.

The average specific 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 is no distinet pattern of relative activities

between different organs,

Tne decline of radioactivity levels in the organs and

tissues of terns may be divided into three types (Figures 10a

and b): (1) organs in which the decline is semilogarithmic,

half-life 40 days-- these include the muscle, liver, and

kidney; (2) organs in which the decline is logarithmic -- these

are the bone (r = t72+35) and ileum (r = ,72-85), and (3) organs

in which the variability is extremely great~-the skin and lung

represent this group.

The shapes of the radioactivity decline curves fcr the

different organs are determined by a combination of (1) avail-

ability of the isotopes, (©) total uptake and degree of selec-

tive uptake of different isotopes, (3) radioactive half-life,

and (4) biological half-life. Since the relative effects and

. pws

* Radiobiologic
al Studies ... op. cit., p. 6. yiye
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degrees of interaction of these variables upon tne decline of

radioactivity with increasing time after contamination are not

xnown, rigid 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 thyroid evidenced a preponderance of a

single isotope, y232 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 ‘

nw prh28 ~1.65
for liver, rw t for bone, and a curve for kidney,

vhich is not a straight line either logarithmically or semiloga-

rithmically, indicate that these organs do not contain similar

ratios of radioactive isotopes. 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 activity as radioactive strontium. In samples of total

muscle plus total bone from the same birds, 7979° comprised

3.9 percent and 11.3 percent of the total activity (Table VII).

The only collections at Rongelap Atoll containing birds

from both the northern and southern islands were made Janusry

26-30, 1955. In view of the fact that the general levels of

contamination were higher on the northern islands, it was ex-

pected that the northern birds would centain morg radloactivity

1 Ms 2 3T 
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than the southern birds. This 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 tleum

«79 5.2 6.2 3.9 5.3 4.8 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 southern

birds have access to a supply of food fish containing greater

amounts of radioactive material. The higher level of activity in

the southern bird intestinal tracts 1s reflected in the greater

concentrations of radioactive material in the other internal

organs of the same animals. In view of these observations it

probably would be advisable to dmtain 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 their food supply.

Tern eggs were collected at Kabelle July 16, December 8,

1954, and January 29, 1955. The levels of radioactivity in the

various parts of the eggs were low, with that of the shell epproxi-

mating the levels found in the bones of terns collected the same

day. Radioactivity in the egg yolks varied from 13 to 3 times

that found in the muscles of birds in the same collections. The

whites of the eggs contained the lowest amounts of radioactive

isotopes of all bird samples examined. These Evels were from

1/25 to 1/2 those found in bird muscle collected the same day.

ae
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The unhatched embryos contained levels of radioactivity approxi-

mately one-half that found in bird muscle (Appendix Table VIII).

Plankton

The Rongelap plankton collection consisted of a single tow

on March 26, paired tows on July 16, December 8 and December 18,

1954, and four paired tows January 26-30, 1955. A Michael Sars

type net, 3-meter in diameter and with either No. 6 or No. 20

silk mesh was used. Tows were taken at the surface during day-

light hours.

Radioactivity 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 Pacific

with the USCGC "Taney" during Operation Troll. On the cruise

of the “Taney” during March and April, 1955, 85 plankton

samples were taken along the route from Kwajzlein to the

Philippines to Japan. The average activity of these samples

was .015 x 1073 uc/g of wet sample, the highest values being

050 x 1073 uc/g. For the eight January 1955 Rongelap plankton

samples the-average value was 2.0 x i073 uc/g, the lowest value

being 0.42 x 1075 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 biological samples,

(2) the decay rate is similar to that for the soi] sample, end

(3) there is considerable variation in the radioactivity of sam-

ples from paired tows.
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Soil a
——_—

The soil and sand samples included those from the islands

proper, from the beach, and from the lagoon bettom. The radio-

activity of a sample taken from the top inch of soit on

Labaredj Island March 26, 1954, was 6.8 microcuries per gram,

: which is equivalent to one curie per 325 pounds of top soil.

- The activity of this sample ten months later, January 29, 1955,

was one thirtieth its original value, t.e., it had passed

3 through nearly five half-lives. The decay rate for this period

4 is expressed by the formula, r = p23}, with March 1, 1954,

as the date of origin (Figure 12). This rate approximates the

mixed fission product decay rate and in general approximates

the decay rate for many of the biological samples. For these

reasons the decay factor for correcting counts back to the day

of collectionwas based on the decay curve of a similar soil

sample.

The decline in radioactivity of the soil samples can be

observed from the figures in Appendix Table X. Considerable

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 when interpreting reosuits.

If consideration ts given to the Kabelle samples only, the rate

of decline is 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 sanoles and the January 1955 samples

4s the same as the decline in activity of the aecay sample.
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Profile samples of the lagoon bottom were obtained off

Kabelle Island at depths of 60 feet and 40 feet and off Lomutlal

Island at 55 feet. The samples were obtained by an aqualung-

equipped diver driving a foot long, 14"-aluminum tube into the

bottom sand. The core was removed from the tube and samples

were taken at various levels. From the counts of these samples

it was observed that the radioactive sand on the lagoon bottom

was several inches thick with the level of activity rather con-

stant for the first five or six inches. The radioactivity per

unit weight was less than that of the soil from the island

proper but off Kabelle it was greater than that of the sand in "

the tntertidal zone.

Water

 

The water collection included eight salt-water samples

from the lagoon and eight fresh-water samples from the islands

proper. A 5-milliliter sample was used for the radioactivity

determination except for the December 18th collection (cistern

water, filtered well water), for which 25-milliliter samples

were used. Because the radioactivity of water samples is often

stated in terms of the radioactivity per liter, which would

mean extrapolation considerably beyond the observed values, it

is especially necessary to state the counting error. For these

data the 0.95 counting error,” which is equivalent to two

standard deviations, was arbitrarily selected. In Appendix

 

* AECU-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.

tN.



a
ti
g

a
T
R

 

~34-

Table X the-valies for the water samples expressed in d/m/ml ?

0.95 counting error are given.

"Whole water" semples were used for counting, i.e., none

of the natural-occurring radiotsotopes were chemically removed,

so the values in the sbove table are those for total radio-

activity. For ocean waters, the atomic disintegrations per

minute per kilogram for potassium-40 are 560 and for all other

natural-oceurring isotopes about 10.” This means that the con-

tribution of natural-occurring ifsotopes to the values in Appen-

dix Table X for lagoon water samples ranged from 0.6 to 1.2

a/mmd « ;
Because of the relatively great counting error of the lagoon

water samples neither the rate of decline nor the decay rate was

estimated. A conservative approximation of the radioactivity

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/l (.9911 uc/l).

For the fresh-water samples the counting data are more

reliable (Appendix Table X). The samples include cistern water,

filtered well water, standing water and ground water. The stand-

ing water was taken from an open can on Eniaetok Island and the

ground water from a two-foot hole that was dug on Kabelle Island.

The ground water was most radioactive, 48,000 d/m/i (.022 ue per

liter) and may have contained radioisotopes that had leached

from the soil. However, the decay rate r = £7135 for the period

from March 23 - July 30, 1955, was similiar to that for mixed

 

* Schubert, J., "Radioactive Poisons," Selentific American, *"
Vol. 193, Wo. 2, pp. 34-39, August 1955. atu.oar
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fission provuets. ice filcered wel? water che decay rate fos

the same period was Simllar, r = p~i+39, Another observation

was that the radioactivity of the fresh-water samples increased

from south to ntrth with the act*vity of the Rongelap Island

sample being 1/4, 1/6, and 1/10 of the activity of the fresh-

water samples from Eniaetok, Labaredj, and Kabelle Islands,

respettively.
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Evaluation of the Chemical Analyses of the Biological Samples

Fission product and celcium analyses were made of three soit

samples, strontium analyses of selected foods, and yi31 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. Portions 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. Aliquots of this solution were

used to determine total activity and to provide samples for

chemical separation.

Standard methods of separating fission products and calcium

were followed. Counts obtained from the analyses for cerium,

zirconium, niobium, strontium, ruthenium, and barium were cor-

rected for chemical or spike yield. The chemical yield is the

ratio of the weight of recovered carrier to added carrier. A

yield for calcium was not determined because of the large amount

of calcium carbonate in the sample. The radioactivity of seven

fission products and calcium corrected for yield and adjusted

to 100 percent recovery and expressed as a percentage of the

total radioactivity is given in Table VI. ‘The chemical yields

and the observed counts from which these values were computed

are tabulated in Appendix Table XI.

The results of radiostrontium analyses of biological samples

from Rongelap Atoll are given in Table VII. Radiostrontium was

UND ©, Ui
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Table VI. Fission Products and Radio-calcium

in Soil fron Rongelan Ato1r2/

 

Per Cent Activity 2/

Sample Number

 

Elenent 7500 3/ 7501 4/ 7502 3/

cerium 37. 32. 30.

trivalent
rare earths ah. 22. 24.

zirconinm 16, 25. ek.

ntobinm 5.9 7.2 7.0

ruthenium 6.9 &.7 5.9

strontium ALY * 2,4 2.5

barium 5.5 uel 6.2

calcium € .3 z< .6 4

total 100, 100. 100.

1/ samples collected March 2&. 1954 and analyzed
May 11, 1954, activity as of countine date

2/ per cent activity corrected for yield 2nd ad-
justed to 100% recovery

3/ Labaredj Island 190 feet above high tide line

4/ Labaredj Island, 150 feet above hiph tide line

5/ Kabelle Island, 150 feet above hteh tide line
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found in plants, birds, and crabs but not in fish rusele nor ‘in

some of the coconuts. The greatest amount of gr?? round in the

January 1955 samples was e7 x 107° uc/g wet weight of coconut

crab muacle.

Method for Radiostront‘iun Separation. The fuming nitric acid
 

precipitation method was used, the sample being dissolved in

dilute nitric acid anc strcentium cerrier then added. For the

bird tissves the stront’um was precipitated by increasing the

acid concensration to 72 percent by the addition of 90 percent

nitric acic and stirring for one-half hour. The precipitated ,.

strontium nitrate was dissolved in water, scavenged with ferric

hydroxide and precipitated a second time from 72 percent

nitric asid, then counted for strontium radioactivity. Three

syikes run concurrently with the bird samples gave a yield of

59.2 t 0.9 percent. Separation of y from the strontium

indicated that one-third to one-half of the total strontium was

strontium-90 as of the counting date, December 1954.

Strontium analyses of samples of coconut meat and milk and

pandanus fruit from the January 1955 collection vere made June 14,

1955. The procedure was similar to that sbove except that 75

percent nitric acid was used and the scavenge with ferric hydrox-

ide was followed by a scavenge with mixed sulfides ia acid and

in alkaline solution. Four spikes in non-radioactive fish meal

ash run concurrently with these semples gave a yield of

65.6 £ 5.3 percent. Four blanks using tae same fisn meal ard

run as a check onthe radioactivizy in the meal, the reagents

and on the glassware gave counts cf ¢, 1, 0, and 0. ‘Yields fron

i



 

spikes run -conturrently with the sauash, papaya, crab and fish

samples were 84 ¢ 3.1 percent. From the amount of gr9° present

which was determined by separation of x79, daughter of sr??, it

is evident that only a small amount of sr89 could be present

(Table VII).

The results of the cettt analyses are given in Tadle VII.

a The maximum emount found was 5 x 1076 uc in crab muscle, while

none was found in some coconut samples. Cerium anslyses were

made of the filtrate from strontium nitrate precipitation of

the coconut, pandanus fruit, squash, crab, and fish samples
’

af listed in the above table. The rareearths were extracted with

3 tributyl phespheate, and cerium was separated from the trivalent

rare earths by ceric lodate precipitation. Recovery from

"spiked" samples of non-radioactive fish meal ash run ceon-

currently were 73 percent for coconut and pandanus fruit, and

75 percent for all the others.

Determinations were made of the amount of radtolodine

vresent in three land plants and two algae collected at Rongelap

Atoll on March 26, 1954. These analyses made on April 24, 1954,
2

followed the proecedures cs outlined by Glendenain et al.

The counts 43 optained were corrected back to March 26,

i954, qi3i was present in all five plant tissues counted, vary-

ing from 0.47 percent to 0.929 percent of the total activity

found.

 

* Glendenin et al., "Interchange of radicactive lodine with
carrier iodine.” In Coryell, C. 5. and Sugarman, N.,
Radiochemical Studies: The Fission Products, Book 3, p. 1629,

McGraw-Hill, 1951.
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Study of the Rateof Physical Decay of Radiation in the

Biological Samples

The Rongelap samples are now unique among our Marshall

Islands collections since they were taken from an area --

Rongelap Atoll -- in which the radioactivity resulted primar-

ily from a single time source -- the March 1, 1954 Bikini ex-

periment; whereas the activity at Eniwetok and Bikini derived

from several experiments over a 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 biological and other mater~

tela, (2) to aid in extrapolating into past or future time beyond

the period of the present survey, and (3) to compare decay rates

with decline 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-

fod 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), a more nearly straight line ts usually obtained

than whenthe abscissa is arithmetic (semi-log plot). ‘A mixture

of fisston products is supposed (Coryell and Sugarman)” to give

@ straight line by log-log plot with = slope of about -1.25 for

the period of time involved in thie study. The decey of a single

 

* Coryell, C. D. and Sugarman, N., Radiochemical Studies: The
Fission Products, Book 1, p. 456, McGraw-Hill, 1951
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isotope is linear on a semi-log plot, exemplified by bird

thyroid containing predominantly t131, mentioned 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 existence

of a linear semi-log relationship, only one other sample was

more nearly linear by semi-log than by log-log plot. This was

the gastric mill of a crab, Grapsus grapsus, taken March 26,

1954, at Kabelle. The graph (Figure 11) was sufficiently curved

to indicate the presence of more than one Lsotope. The early

portion 50 - 300 days gave a half-life of 78 days, and the ‘

portion 300 - 430 days gave a half-life of 107 days. A settion of

the curve of another sample, muscle of sea cucumber (Figure 11),

was typical of semi-log linearity. The radioactivity of this

sample decayed cver the period from 50 to nearly 200 days with

a half-life of about 75 days, but more slowly later.

Although a single isotope displays a downwardly concave

curvilinear plot by log-log presentation, a mixture of as few

as two isotopes with half-lives of similar orders of magnitude,

such as Celttt and Cel4+ of 30- and 280- day half-lives, may

appear almost linear on a log-log plot over the period of

79 to 500 days.

Most decays were best suited to log-log plotting as seen

in the seven examples in Figures 12 and 13. Although some appear

slightly curved, straight lines were fitted and slopes were

sealed graphically.

Definition of the curves requires evaluation not only of
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the degree of variance or scatter about the line, but alee by

the nature of the deviation from lineerity among the smooth, cur-

vilinear plots. Those curves which were concave upward vere

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 a breakdown into groups by types of

organisms and by tissues, and all samples grouped by collecting

dates are recorded itn Appendix Table XII.

Differences in decay rates of tissues of the animals

are not great, although the liver rate of decay is 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 rapidly in their radio-

active content than can be accounted for solely on the basis

of their 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 currents

or season. Future sampling will show whether the indicated

decline is truly unusually steep, or a vagary of sampling.

From a study of the decay curves it is seen that most

blological samples follow the soil trend sufficiently well to

justify use of the soil decay rate in correcting sample counts

back to the time of collection over short periods. However,

some samples diverge widely. Of greatest concern is the coco-

nut, in the milk of which the radicactivity may decay very
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~~ Table VIII

Decay Rates of Rongelap Samples Expressed as the Slote

of the Log-log Relationship of Activity to Time after March 1, 1954

Fish, invertebrate, and bird tissues

Skin & Gut or
Mantle Muscle Bone Liver Viscera Gill

n 11 12 10 12 1l 1

x ~1,34 ~1.39 ~1.40 -1 .68 ~1 45 -1.28

3/2 0.16 9.11 O.11 0.16 0.30 0

Miscellaneous

Other
Kidney land
of bird Plankton Algae Coconut plants Soil

< 90d >90d

n 2 2 3 3 3 2 7

x 1.25 -1.71 ~1.35 -1.20 -0.60 -1.30 -1.31

3/2 0.08 0.12 0.05 0.12 0.56 0.01 0.08

n = number of relationships
x = mean slope
8 = Standard deviation
s/R = coefficient of variation of slope
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Radioactivity of Fish from

~50-

Rongelap Atoll, 1954-55

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

Date and

Island

3/26/54
Kabelle

7/16/54
Kabelle

1/ see page 33

Common
Name 2/

damsel 4
t

parrot 1
ii} “

squirrel]

grouper 5

au 1

shark
et

of

mullet
surgeon ]

2
it

butterfly e

" J
2

parrot 2
t

a]

“ fe

herring

halfbeak

goatfish
’

eo

"

wrasse 2
" i

e ii

"0 we

tt wt

grouper 2
" k

re"

1

for sciertifte 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
7TH.O |=—BL4A 2205
35.6 6.25 12.5
12.4 3.45 9.53
20.9 4.22 067.50
16.5 1.75 5.19
28.7 2.95 17.3
23.1 2.96 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 4.31
2.55 -335 3.80
4.27 -796 5.31

6.03 -564 5.07

4.81 -540 2.86
4.80 -353 2.95
5.41 1.09 4.27
3.62 -979 2.80
9.78 1.46 30.21

11.7 2.00 12.4
6.96 1.08 15.2
6.05 -933 6.83

1.41 P46 473
3.55 .767 3.86

Liver

889.
1,820.

381.
780.
680.
399.
98.

141.
15.
71.
27.
70.

59.
23.
60.
23.
28.
70. M
R
M
M
N
W

W
A
M
W
w

1
9

G
O97.

W
w O
N

U
A
H

y
i c
o

M
W

NI

Viscera

3,590.
3,890.

332.
4.020.

645.
331.
180.
417.
69.8
21.1
5168

15.1

328.
89.
16.
13.
le.
o3. O

n
)
C
O
W

F
H

84.4

13.

18.
ll.

59.
101.

n
n
N
O
W

29.

Fntire

10.

el.
22.
18.
15.
17.
le. S

I
A
F
R
O

F
O

]

4
°
N
O

O

NM
=

 @l



~~

Date and ©
Island

7/16/54
Kabelle
(cont'd)

: 12/27/54
Lagoon

12/8/54
Lazoon

1/25/55
Rongelap

sa
gt
a
k

  

o
e

; 1/26-29/55
Lagoon

1/28/55
Labared j

 

(Table I cont.)

Common
Name

squirrel 1
tt w

tuna
we

snapper

surgeon 2
tt

blenny 2
t |

" "

damsel 1
tf "

“ i

rt tt

goatfish

squirrel

“"

grouper 3
"1 n

" 1

jack

grouper
t

nt 4

snapper i

n "

“ 2

damsel 2
" “

" "

“ 1

t at

Surgeonyeeon t
Aid 2

narrot i
" e

" te

"

-5l-

Skin

1
1

5
3.

1
1.
2
i

2.

2
2
1

i

596
»32
~37

-73
86

960

.209

.196

.097
084
062
561
347
418
668
.399
298
509
514
487
ANT
.685
473
721
752
216

.25
52
20
.62

08

72).
-05
10
90
-932
-9TT
.68
725

Muscle

.399
45h
467

-O79
139

-218

.061

.040
061
-052
065
.063
085
103
-O91
106
. 082
084
.138
144
093
.052

.072

.089
191
.375
. 386
. 165
O74

728
374
436
.133
251
LAS
.149
2115
201
147
184

Bone

V
S

~850

95
225

770
-251

724

1.81

+
M
e
E
R
R

M
w

6214
O73
-195
.140
. 304
449
-295
487
-907
-352
-981
734
44
32
-378
.682
-1l
.879
~395

-671
694
.682
499

.08

.62

16
65
-10
.21
815
. 06
-59
.818

Liver

10.
54.
61.

76
09

h
t

W
U
T
O
R
O

W
W
O
O
M
O
E
N
N
H
W
W

H
e
H
W

£
&

pu
s

M
O

ay
y

h
e

U
A
H
O
P

-~
)

n

5

79

15
.O4
545

- 998
.80
92
215

89
59
99
.O7
.O1
.63

-23
02
30
48

84
91
.6
93
-O7
-75
.63

OG
73
0
41
.26
.88
.8

3.79

fo pe ARAFaneOOOIERGE

Viscera

48,
17.
le.

1.
-972

U
T
R
W
M
H
W
P

R
H
I
U
T
U
T
O
W
N
e
e

o
b

N
H
E
H

10.
le.
ay
ele

9.
3.

4S.
29.

38.5

27

1

28

-14

-02
.O4
77
- 36
. 34
91 +

37
-27
28
.96
-O1
»50
91
»59
.87
64
cel
.09-
986
- 766

. 86
53
. 30
32

M
e
e
C
O

5
0

7
1

ol
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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.
fabared J " .564 265 2537 4.35 6.86
(cont'd - 1.35 5130 1.3 5.50 47.0

" . 789 496 1.09 28.3 54.3
.611 .236 -758 48.81 19.5

blenny 2 1.65 264 1.29 10.1 37.5
" " 614 .306 1.42 8.74 24.3
‘ " 782 -408 1.50 14.8 25.1
' " 577 .278 1.84 14.4 43.8
tt 8 .269

wrasse 2 1.63 .348 4.43 3.97 18.2
" " 1.47 401 1.76 4.05 =14.8

grouper 1.08 175 1.50 2.75 4.68
" .828 LRT 1.05 15.1 3.25

goatfish 2.34 38S 3.88 17.5 26.4
lizard 2.13 .300 »=6.1..83 6.51 1.52

" 1.61 23860 41.13 14.5 45)
" 1.92 .252 =62..08 3.81 1.93

1/29/55 mullet 1:19 181 952 5.74 9.35
Kabdelle " . 382 . 166 -612 3.45 16.9

" .587 . 184 926 4.80 11.2
surgeon 2 641 2125 O44 4.05 2.30

" 649 .139 906 3.02 3.76
damsel 1 1.46 246 14.70 10.2 15.8

" 5 1.11 .168 683 9.02 4.06
blenny 1 ~509 . 167 1.02 3.35 11.6

" 2 2525 2253 1.92 6.54 11.2
goatfish 2 1.36 .299 2.23 8.00 14.4

" " 1.78 43600 —-2..97 1.34 10.3
" "1.05 264 1.36 18.1 9.85

shark .687 2125 £191 2.67 490
grouper 4 2433 -110 504 6.9% 2.77

" " .826 117 -726 12.2 6.24
" " .622 .108 .606 13.0 249

1/36/55 demsel 1 3.44 2350 2.40 27.4 37.6
Ge jen wrasse ] 1.37 215 1.42 15.3 8.62

: grouper 4 1.34 279.2 «1.79 21.9 5.02

" " 1.39 .27302—C 1.15

)3=—

338.1 6.65

“ " 591 .118 .368 2.32 1.21

" " 861 .268 1.13 4,38 2.36

“ 6 1.20 .396 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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ow. tific Names of Fishes

1
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butterfly 1 Chaetodon collaris
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

" 2 Tunula

damsel 1 Abudefduf sordidus
« 2 Dascyllus aruanus
, 3 Chromis caeruleus
“ bh Pomacentrus nigricans

5 vaiult

flatfish Bothus mancus

goatfish 1 Mulloidichthys auriflamma
. 2 samoensis

f grouper 1 Fpirephaluselongatus :
¥ " 2 fario

3 " hexagonatus
" 4 " merra
" 5 " spilotoceps
" 6 Vartol: loutt

* fbrak Hypor... ardaus laticeps

pr lag Spratelloides delicatulus

jack Caranx melampygus

lizard Synodus variezatus

mullet Neomyxus chaptalit

parrot i Scarus burpureus

shark Carcharhinus melanopterus

snapper 1 Levis’: | sp.
" 2 Tusi. Sp.

scuirrel 1 Holocentrus sammara
" 2 Myripristis multiradiatus
u

3 Sp.

surzeon 1 Acanthurus elongstus
, 2 " triostegus

tuna Gymnosarda nuda

rasse rSS2 1 Gomphosus varius
2 Halichoeres trimaculatuseR BPacuslatus 
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_Table III.

56-

Radioactivity of Coral

from Rongelap Atoll, 1954-55

 

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

Date and
Island

3/26/54
Kabelle

7/16/54
Kabelle

1/29/55
Kabelle

1/28/55
Labered j
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-- Pable IX. Radioactivity of Tern Zggs

from Rongelav Atoll, 1954-55

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

Dareand Eggshell Yolk White Embryo

7/16/54 1.14 B04 508
Kabelle 2.15 2.03 795

1.42 2.08 -905
1.48 92 .056
-956 ~409

12/8/54 575 421 018
Kabelle 2581 .147 .023

-789

1/29/55 .376 .065
Kabelle 2272 22309

-280 2045
~935

To
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Table X Radioactivity of Plankton, Sotl-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 4.73: 5.84 13.7; 22.8 4.O1l; 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/n/g

Island Sotl Beach Sand

3/26/54 7/16/54 12/8/54 1/25-30/55 12/8/54 -1/25-30/55
Lomuilal 166 35.9
Gejen 830 6.16
Kabelle 2,000 312 315 106 20.51/ 13.7

" 421 596 5.04 3.04
Labaredj 17,000

" 13,000
Rongelap 2.34 1.16

Lagoon bottom, 1/29-30/55 . ‘

Ok Hee 23
Lomuilal, 55' 22.9 27.2 17 .8 16.3 17.9 14.5

O~-]" 1-2 y 2-3" 3-4 v Has " 5-6" 6-7 wt

Kabelle, 60° 19.2 16.9 16.9 16.2 20.0 747
4Or 0.3 16.9 21.4 21.8 10.3 3.35 3.29

Labaredj, 150' 16.2

Water - Values expressed in d/fm/ml t 0.95 counting error

Lagoon Water Fresh Water

7/16/54 1/26-30/55 12/18/54 1/26-30/55

Lomuilal 6 * 3.0 -
Kabelle 3.373. 273 t 39 u8, t 3.22/

" 2.3 £ 3.0
" 4.1 = 3.2
" - 4,8 5 3.4 )

LabaredJ 6.8 t 3.0 25, t 2.22
Eniaetok 17. : 2 2h/

Rongelap . 5.6% 3.0 3.4 t 202/ 4.2 2 1 .92/

2.6 + .152/
n 1.9 ¢ .153/
" 1.8 ¢ .2i10/

1/ at high tide line
2/ cistern water
/ filtered well water
2 standing water

ground

Le 
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Table XII.
—

Plate No. Date and

4932

4033
Loze
L935
i036a-
uo
LO4S
4Oug
4O47
4O4B
4o4g
4050
4051
4o52
4953
O54
4055
4056

4057
4058
4059

5000

5006

50088

5016
5017
5023
50572a

5078

6009

6018
7002
7003
7021
7030
7032

TO4O

Island

3/26/54
Kabelle

Labared j
Kabelle

- 65-

— 47%,r=t 3 ty =

Substance or
Organism

damsel fish
a it

" -

” "

tf ”

sguirrel fish
” tt

te "

i ”

ft 1"

“uo i]

“ tt

tf

" "

‘1 tt

a ft

parrot fish
” "

cE] w

” "

tt

4giant clam

iy Ut

spider snail
ts "

sea cucumber

shore crab

coconut crab

Messerschmidia

Boerhaavia
sooty tern

fairy tern
sooty tern

curlew

Physical Decay Rates of Rongelan Samoles

March 1. 1954

No. of
Tissue Times

Counted

skin 2

MUSCLS 3
bone 2

liver 2
But 2
skin 3

muscle 4
bone 2

liver 3
gut 2
gill 2
skin 4

muscle 4
bone 2
liver 3
gut 2
gill e
skin 2

muscle 4
bone 2
liver &

gut 2
mantle 33
muscle 23
visceral

mass 18

mantle 13
muscle 13

se 14

gastric
mill 46

gastric
mtll 15

debarked
stem 34

leaves 33
bone 17

liver 13
“t 12

wt 13

kidney 31

" 1S

Xx,
Decay
Rate

e
££

8
©

.
.

m
m

O
o
O
n
W
E
N
A
E
R
A
W
H
O
N
U

N
i
w

O
r

N
O
D

N
A

O
N
O
r
R
P
N
W
O
G
R
P
A
W
D

V
i
e
&

W
h

HB
YH

O
r
n

&

ife ~80-d)

h
h
O
R
P
R
p
p

N
j

e
o

.
ry

»
»

*
*

N
M
W
w

O
o

r
e

W
w

n
m

NO
M
a
w

be
bt

et
b
e

a b
e

36
1.17, < 90 days
1.59, >90 days

1.83. >90 days



  

' | (fable XII cont.)

Plate No.

7500a
7501
(glass)

750la
7502a
8203
8240

6844
6859
12151
12152
12153
12154

12155
12186
12201
12202
12203
12204

12205
12231
12232
12233
12234
12235

12236
12237
12238
12239
12240
12241
12242

12243
12244
12245

12251
12252

12253
12254
12255

71
9947
9949
10700
10706
10745
10748
19006

Date and

{sland

3/26/54
Labared j

Kabelle
Labared j
Kabelle

7/16/54
Kabelle

- 12/8/54
Kabelle

-66-

Substance or
Organism

soil
ct]

"

"

plankton

Ha limeda
3/4-inchcoconut
goatfish

herring
butterfly fish

“ Li

n tt

Uy " .

surgeon fish

wt 't

1 t

” Co

damsel fish
? et

re "

te “

“"t LU

mullet
Hn

grouper

tern

soil
tt

coconut
¥

Halimeda
Caulerpa
plankton

No. of

Times
Tissue Counted

top inch ko

" " 73

' ‘1 4 0

entire

8
8
8
6

skin 7
muscle T
bone 7
liver 7
viscera 7

entire 7
skin 5
muscle 8
bone 5
liver 4
viscera 5
skin 5
muscle 7
bone 6
liver 5
viscera 5

skin 5
muscle 7
bone 5
liver 6
viscera 5
skin 5

muscle 7
bone 5
liver 5
viscera 5
skin 6
muscle 6
bone 6
liver 6
viscera 6
eggshell 4O
mid-island 10
intertidal 11
meat 12
milk 11
entire ll
entire 11

10 P
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K
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H
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