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ABSTRACT

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

1954,produced a fallout of radioactive ash upon Rongelap Atoll,

NfirshallIslands. The distribution of the radioactive ash on

theislands and i.n the plants and animals of the area has been

studiedand evaluated by the Applied Fisheries Iaborato~*y,

universityof’Washington.

During the first expedition to Rongelap Atoll on March 26,

1954,biological samples were collected and measurements made of
?

theradiation contamination. On t~ee additional expeditions

extensivecollections of material

laston January 25-30, 1955.

The decllne in radioactivity

were made for this study, the

was measured in 1499 samples

offish, invertebrates, land plants, algae, birds, plankton,

soil and water from the Rongelap area.

During this study particular emphasis was placed upon evalu-

ationof the radioactivity In food used by the natives. Coconut

~ilkcollected on March 26, 2954, contained 1,03 microcuries per -

kilogramof wet tissue while the coconut meat had 1.16 uc/kg. BY

J~uary 25-30, 1955, the level in coconut milk had declined to

0.041uc/kg and the meat to 0.036 uc/kg. Fish muscle on March 26,

1954,averaged 2,74 uc/kg and fish liver 264. uc/kg. The decltne

toJanuary 25-SO was 0.10 uc/kg f’or the muscle and 3.52 uc/kg for

theliver of fish. Somewhat similar declines were found for

clammuscle’ crab muscle, bird muscle and liver, and for squash,

~.,,,;‘
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papaya,~rrowroot and panda.nus.

The level of radioactivity was highest in the northern

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

eatingbirds, collected during January 1955 from the southern

partof’the atoll, which had higher levels of radloactlvlty

thansamples collected from the northern islands on the same

date. This may indicate a translocation of radioactive

mterials within the Mgoon.
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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,

Universityof Washington, (Program 19.1 of Operation Castle) was

outlinedin the Laboratoryfs report UWFL-36. This program involved

detailedstudies of radiological contamination of the fauna and

floraof Eniwetok Atoll, with exploratory trips to Bikini Atoll on

3 quarterlybasis to ascertain the levels of radiation remaining

duringthe year following the test program. ?

The unexpected pattern and m~gnttude of the fallout of Q

radioactivemater?.~lsfrom the March IS 1954 experiment introduced

theneed 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

h. Paul B. Pearson, AEC Division of Biology and Medicine, to

tnakea survey Of the islands at Rongelap Atoll to determine the

extentof radl.ologicalcontamination of the native foods.

The expedition to Rongelap, in response to this request,

wasOrganfzedby ~sk Group 7.1, with transportation and sUppOrt

provided‘by the US Nicholas (D D E 449), Members of Program

19.1were Lauren R. Donaldson, Charles M. Barnes, Edward E. Held,

RalphF, Palumbo and Paul R. Olson. Thomas ShipmanO Thomas N6

White,p. Re schivon~ and we W. Robbins accompanied the expedi-

tionto aid the natives in capturing some of their animals on

RongelapIsland and to make radiation readings on some of the

/1-”
T’=!”,.
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isknds I.nthe southern pmt. of’?.heatoll.
-.—

Collections of plantc o~:lMnhials, soil samples and radia-

tionreadin@ were made at w~aredj Island on March 26, 195h,

l?adi~ttonreadings were obtained with a Juno (AXC model SXC-l~7C,

SerialNo. 89) under a variety of conditions. The shield of

the !nstr~nent was closed for the first reading and open for the

Secandfop each OS the locations ilsted below.

Ra.d?aticmLevels Laharedj Island

March 26, 29’;4- mr/hr

Location

Intertidal zone

Higiltide line

Open grass area
on Island

Open grass area
On i~land

Beach rock slabs

Beach above high
tide line north
side of island

215
395

250
330

270
700

37
100

180
300

HeiRht 1“
t

8

.

300
1000

370
900

H280 6’!
700 6“

600
1500

29
400

220
600

East side of island 200 220
above high tide 350 700
1Lne
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-. Radiation l.~velsKabelle Island

March 26) 1954 - ~/hr

Location HeiKht 3‘ Height 1”

Beach rock inter-
tidal zone

Beach sand at
high tideline

Edge of brush 11.ne
on island lagoon
side

Open area in vege-
tation-covered
portion of island

Coconut grove on
~;~~ side of

Edge of trees
Lee side of trees

48
90

190
260

280
500

300
600

256
370

30
300

150
350

370
1400

410
1700

(shield open) 2000It 1509
Windward side of trees

tl 2800

second expedition to Rongelap Atoll was made on

1954. A U.S. Navy Grumman Albatross plane (U.S.N.

The

July16,

A9R-16,No, 902) from the U.S. Nsval Station, Kwajalein, was

used to transport the group to the atoll. program 19*1 members

Mking the trip were Lauren R. Donaldson, Frank l.mman~ Arthur

Uelanderand Lt. Crndr.Clarence F. Pautzke.

Col-lectionswere again made at Kakelle Island and radiation

readl.ngstaken in the same general areas as those recorded on

Maroh26, 1954.

Ihb. .,
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>~’lly16, 1954 - mr/hr

LocatQ &i~ht 3’

High tide mark 20
en beach

50? “inshorefrom 29
high tide lina

On Scaevola brush 28——
Under Messer- :0

schmidla
●

Lee edge of cooo- 20
nut grove

Middle of island 25
in dead brush

Open clearing in 27
middle of island

Middle ~f’coconut 20
grove

100

100

90

45

60

During the month of December 1954 three collections of

sampleswere made at Rongelap Atollm For the first trip on Decem-

ber8, the U.S. Naval Station, Kwajaleln, provided a PBM

(Mo.2471)with a fine crew. Landings were made at both Kabelle

andRongelap Islands. Dr. Walter D. Claus, AEC Division of Bf.ol-

ogyand Medicine, accompanied Edward Held, Paul Olson, Robert

Tqlor and William 131akenWnon this expedition. Film strips were

placedat a number of locations by Claus, Taylor and Blakemn to

recordradiation over an interval of times

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

toRongelap to pick up the film strips and to collect additional
~..,:.,;

k

~“.i:’y.,;
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biologicalsamples. A successful landing was made at Rongelap

Islandvhere-t~e objective was accomplished. An accident to the

uohoring mechanism of the plane, however, prevented completion

of the sampling at Kabelle Island. Robert Rinehart and Paul *.
;

,,: 21gmanof TJ,S.B.R.D.L. accompanied Lauren R. Donaldson, Jared.;
*, hvls, Edward Held and Paul Olson on this trip.

The most extensive survey and biological collecting trip:,,

wasconducted at Rongelap Atoll from January 25 to January 30~

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

lrlththe U.S. Mavy furnishing the O@ vessel ‘Rio Grande” for

transportationand support facilities, Allyn H. Seymour ad ‘“

FrankLowman, Program 19.1, shared the responslbtlity for the
!?+-.
, biologicalsampling. Readings were again made with the survey

meter on almost all of’ the islands visited. The readings were

takenat a height of three feet unless otherwtse noted.

Radiation Levels Rongelap Atoll
..b

January 25-30, 1955 - mrfir
,,

Rongelap Island 0.5,i;
,+ Eniaetok Island 2.0,,

Busoh Island 1*5
Labaredj Island 2.5,;

i
-Kab~lle Is~and 3.0

5.0 at ground level
&miuilal Island 8.o

.(?ejenIsland J,:
& Lukuen Island .

The colleotiorasat Rongelap Atoll during this period ofi
i-,,.,# OtildyprovMed material for 1499 samples which have been proo-

Qosedtthe radloaative content determined and the results tabu-j

latetland evaluated.
~>~.l;:!*.

;.! ~;~{\’.,:
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The technl.quesand procedures used in collecting, storing,

preparing,and counting the Rongelap samples were similar to

thoseused in former years. For complete details see WT-616

(UWF%-33).* The specimens were put on ice while in the field.

‘l’issuesvere dissected, weighed and dried at the Eniwetok labor-

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

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

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

per plate w~re converted to dlsint%grations per minute per grab

of wet tissue as of the date of collection by correcting for

sampleweight, geometry, backscatter, self-absorptions cOinci-

(lence,and decay.

For the summary tables as used h this report, the radio-

activity expressed in disintegrations per minute per gram (d/m/g)

vas converted to microcuries per kilogram by

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

Radioactivityand Its Rate of Decline in Food Items

A g&eral survey of the radioactivity of foods is given in

Table 1, with the rate of decline** of these items shown In Fi6ure

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

● Radiobiological Studle=t Eniwetok Before and After Mike Shot,
November 1952, -uren R. Donaldson App~led Fisheries ~boratory~
University of-~ashington, Seattle} Washington.

S* The rate of decline i8 a phrase coined to express the combined

physical decay and the biological uptake and de~~?~~,ate~”,.
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areaswhtch are considerable and which are evident .inthe tables—

of the eppendlx where all the individual sample counts are tabu-

lated,are not apparent in this generalization. The significance

~1’these differences, however, is discussed on pages 11 to 34.

FromTable I and Figure 2 the past, present, and future gross

Mioactlvi.ty in the prl.noipalfood items of Rongelap Atoll can

be approximated.

The method selected to indicate the error in estimating the

valuesin Table I Is the “coefficient of variation” which f-s

theratio of the standard deviation to the mean. These values~

C, expressed in percent, are given M Table II (page 7 )s The ‘ 9

rangein values from 10 percent to 178 percent indicates a high

degreeof variability.

These data are closest to being points on a straight line

Vhenplotted on a log-log scale using the time of the blast,

March1, 1954, as time of origin.

From this date It appears that mixed fission products

arethe principalsource of radioactivity in the food stuffs.

Exceptionsare bird thyroids,

practl.tallyall 1131, and the

for which the decay curve was

logplot. For the purpose of

In which the radioactivity was

gastric mill in a coconut crab,

nearly a straight llne on a semi- ‘

making an approximation of the

averagerate of decline, the slope of a least-squares line

throughthe averages of the points In Figure 2 was determined

andfound to be -1.75.

The variation in radioactivity associated with area, in

mostinstances, is related to fallout. Rongelap A’Lollwas on

L
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thesoutherr~.ed~ Of the fallout from

experimentand as a consequence t~.ere

radioactivityin tb.enorthern part or

was considerably more

u~rnplesshow the sarlepattern except
for the bird collections

~d the algae and sand samples from deep waiers
of the lagoons

! takenduring January 1.955a

t

●

?

t
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Evaluatiofiof-Radloactivlty in the Biological Samples

Fish

Almost all of the fish specimens, as in former years, were

collectedby poisoning with derris root In shallow waters on or

near the reefs. Some specimens were caught in the deeper

uaters of’the lagoon with hook and line. Two flying fish

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

are those commonly found

include damselfish,
+

groupers, parrot fish, squtkfl’~ll?:shsurgeonfish~ goatfish~

vrasse, snappers, mullet ami Ltiw, The scientific names of the

spectesare given fn the ~ppendlx.

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

this Island on March 26, 1954, July 16, 1954, and Jan~w

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

islandand consists of a coral-filled channel open to the

to

29,

3ea

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

collectedat Xabelle is summarized In Figure 3. The data are

listed in Table Ix%. /&~: :-“
~>,1~,’,:’
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‘l%esedata substantiate the gen~~ralhypothesis, mentfoned

Sarl:er in thts report, that the radioactivity in the tissues

appeaPE m he due principally to mixed fission products. Devl-

atlons from a straight line in the curves might be due to

selectiveuptake, either by the tissues themselves or because

therewas selective uptake in the animals used as food by the

f’sh~s. In general the slope of the curves compares favorably

decline curve used for all food items dtscussed

of this report. t

between the omnivo~ous and carnivorous fishes Q

radioactivity in comparable tissues were great-

1954. These differences decreased with pass-

age of time :.:tdby January 29, 1955, were negligible in some

tis~z~s (Ftgure 4, Table 111), These same data when analyzed

}~ d:~illitespecies of Omlvorous fish (dam~elf~sh) and car-

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

.. .,
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Invertebrates

Rongelap invertebrates showed levels of activity of fron

102 to 104 uc/kg on March 26, 1954. By late January 1955 the

levelshad 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 indicatorswere

giant clams, HipPOPUS and Tridacna; land hermit crab, Coenobl.ta;

coconut crab, Blrgus; corals; and spider snaill Pterocera.

Radioactivity was highest in the digestive and excretory organs,
t

intermediate in the integumentary &gans, and love~t in the

muscle. Actual values for the samples are tabulated in the

appendix. The kidney of the giant 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’land hermit

crabscollectedat the more radioactive northern islands in

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

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 lts tissues,

while the corals were about an order of magnitude lower.

Land Plants and Algae

Land plant and algae collections were made

Kabelle, Lomuilal, Gejen, and Rongelap Islands.

at Labaredj,

Most of the

edible plants were collected in December 1954 and January 1955

at Rongelap Island. These were coconut, squash, papaya, arrow-
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Pint, pandanus+ spinachj and Morinda. The algae were collected

‘bothin 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 samples of the same kind. In January, for example,

the pulp from one papaya had an activity of 8.6 x 10-;7UC/g (wet),

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

vhile the pulp from a second papaya specimen had an activity

-7
*

●

of 1.3 x 10 uc/g (wet). t

In both edible and non-edible plants the specific activity

was higher in the leaves than in the fruit, the difference gen-

M’allybeing two to eightfold. Much of the activity in the

March 1954 plant samples was probably due to surface contamlna-

tiono Nigh counts in the internal portions of stems, however,

indicatedrapid uptake of’fission products by absorption through

the root systems. Later collections also Indicate uptake of

fls~ionproduct material within the leaf tissue. For example,

leafbuds formed after the !nitlal fallout contain as much

activityas do older leaves, and washing removes very little of

the activity;

In the earliest collections the bark of shrubs and trees

and the epldermls of edtbls Dlant p~rts contp.inedfrom 1* to 40

timesmore actlvtty thnn the Znternal parts. In the later col-

lections,hovevers ti)l.~wtlo ‘WS a2.ways less th= two. It is

not deflnj.telyknown, however, whether differential uptake or
1“,””

\l,~”,.
32



of the external plant parts.

Levels of activity in successive collections through and

includingDecember 1954 drop in accordance with the expectation

for mixed fission products. The January 1955 land plant col-

lections,however, show a trend toward increasing activity

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

Might also be a reflection of greater availability of the fission

products to the plants associated with more rainfall during

lateDecember to January.

The values for API?owPootcollected on Rongelap Island in + t

January 1955 fell within the range Of ~a~’~esfor arro~oot from

thenorthern islands. The same is true of algae collected at

depths of 10 to 25 fathoms h the vicinity of Kabelle and Ronge-

l~p Islands. However, the maximum activity levels found in

Eallme&a~. and Caulerpa ~. from Rofigelapare higher by a.—

factw of about two than the maximum levels found in the same

It appears likely then that al=speciescollected at Kabelle. _

~o~naxlmum fallout occurred at the north end of the atoll,..-.

theraaiaactive material 1s being redistributed throu~hout the

a.tolljat least in the deeper waters,

Decay-rates of’five iridividuslsamples of algae and land

plantscollected in July afidDecember 1954 lndfcate ha~f-~ives

lvmging frm 160 - 210 days during the period from December 2954

to April 1955. A sample of coconut mflk coll=clx?dat Kab”2~Ie
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marine plants, other than the coconuts, differ only slightly
-f-

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

theaverage slope being -1.25 (-1.0~ to -1.36). This indicates

that in these plants little or no differential uptake of’!’lsston

productmaterial has been taking place. In cooonuts, however,

fissionproducts mixtures with longer half-lives have been ab-

sorbedinto the meat and milk fractions. Decay curve slopes

of-.96 and -.54 for the coconut meat

nut milk tidicate a different isotope

soilcollected In the same area.

and -.24 from the coco-

mixture from that found in

t
.

Bl~ds

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

mens from the northern islands of Gejens KabelZe and Xiibaredj

!J~Pecongldeped to be f~~m the same area and were co~~ected on

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

lap were taken only on January 26, 1955.

The birds are of two ty_pesas based on feeding habits and

migratorycharacteristics. These are$ (1) the noddy, crested

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

islands withtrithe atoll and feed principally on small fish, and

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

mainlyon crustaceans along the beaches. The latter grIoupti-

Cludesthe plovers, curlews, turnstones, and tattlers.

The terns, because of their limited tendency for migration,

aremore representative than are the shore Mrds with regard to

chronicuptake of’radioactive material.

>l-:.{, “
[%,[1,

,,. ——..-——.
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The shore_bird3 contained greater amounts of radioactive
——

EMterials in the different organs &nd tissues shortly after the

fallout at Rmgelap than did the terns. A similar tendency was

noted in 1952 at Enlweto:: following Mike shot (see VT-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 hab%ts and 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 2s no distinct pattern of relative activities

between different organs,

The decline of radioactivity levels in the organs and

tissues of terns may be divided into three t~es (Figures 108

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

half-ltf’e40 days-- these include the muscle, liver, and

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

are the bone (r = t‘2*35) and ileum (r = t-2”85); and (3) organs

h which the variability is extremely great--the akin and lung

representthis group.

The shapes of the radioactivity decline curves f’crth?

differentorgans are determined by a ccmbinati.onof (1) avaL’1’

ability of the isotopes, (?) total uptake and deg~ee of’selec--

tlveuptake of different isotopes, (3) radioactive half-life,

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

,@ii,,.’i-

S Radiobiological Studies . . .
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degreesof interactionof these variables upon the decline of
--—

radioactivitywith increasing time after contanlnaticn are not

known, 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 contamhation of the atoll.

Decay curves were made for a limited

these, only that of the thyroid evidenced

single Isotope, I131, which accounted for

number of samples. Of

a preponderance of a

99.9 percent or more

of the total actlv~ty. Zn decay curves for bone, liver, and

kidney there was evidence of mixtures of isotopes. Slopes of
t

p = +28 for liver, r= t-1.65 for bone, and a curve for kidney,

which is not a straight line either logarithmically or semlloga-

rlthmically, indicate that these organs do not contain similar

ratios of radioactive isotopes. The decay curve slope for tern

If.ver is similar to that of Rongelap soil.

Chemical separation for strontium was done on two bird

samples collected March 26, 1954, at Kabelle. Sktis from two

different terns contained 2.9 percent and 3.5 percent of the

total activi,ty as radioactive strontium. In samples of total

~r89-90muscle plus total bone from the same birds, cotiprised

3.9 percent and 11.3 percent or the total actlvlty (Table VII).

The only

from both the

26-30,1955.

contamination

collections at Rongelap Atoll containing birds

northern and southern islands were made January

In view of the i%ct that the general levels of

were higher on the northarn islands, it was ex-

3?



.

-30-

than the so~ltkrn 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 ileum

.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 southernisland 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 containinggreater

amounts of rad~oactlve material. Ttiehigher level of’activtty &

the southern Mrd intestinal tracts is 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 cbtain samples from Alinglnae

Atoll, located seven and one-half nautical miles southwest of

Rongelap Atoll, since the Rongelap natives collect birds at

Alingtnae as part of’their food supply.

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

1954, and January 29, 19550 The levels of radioactivity in the

various parts of the eggs were lowj with that of the shellapproxi-

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

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

that found i.n 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 bvels were from

1/25 to 1/2 those found k bird muscle collectedthe same day.
,,/~><.”.’”
~>n. ‘ ~
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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 18P

1954, and four paired tows January 26-3o, 1955. A Michael Sars

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

silk mesh was used. ‘lowswere taken at the

light hours.

Radioactivity of the F?ongelapplankton

than one hundred times greater than that of

collected from the open ocean waters of the

surface during day-

samples was Inore *

plankton samples

Western Pacific

with the USCGC ‘lTaney’tduring Operation Troll. On the cruise

of the ‘lTaneyffduring March and April, 1355, 85 plankton

samples were taken along the route from Kwajtileinto the

Philippines to Japan. The average activity of these samples

was .015 x 10-3 uc/g of wet sample, the highest values being

.050 x 10-3 uc/g. FOP the eight January 1955 Rongelap plankton

samples the-average value was 2.0 x 10-3 uc/g, the lowest value

behg 0.41 x 10-3 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 r~ostother biological samples,

(2) the decay rate is similar to that for the soil sample, and

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

ples from paired tows.
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The SOI1 and sand samples included those from the islands

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

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

LabaredjIslandMarch 26, 1954, was 608 mlcrocmks per g~amj

which Is equivalent to one curie per 325 pounds of t~P soils

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

was one thirtieth its original value? i.e.j It lmd passed

throughnearly five half-lives. The decay rate for this perlad
-1.31

is expressed by the formula, r = t , with March 1, 1954t

as the date of origin (Figure 12). ~his rate approximates the ‘

mixed fissS.onproduct 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 collection was 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 activfty of soil samples from the same area on

the same da-ycan be expected because of’the nature of the fall-

out pattern and should be kept In mind when interpreting results.

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

of decline is greater than the decay rs.tefrom March to JUIY

1954,but less from July 1954 to January 1955. Men the sample

counts from all Islands are averaged, the rela4.tve decline in

activity of the March 1954 sar~~~c~and the January 1955 samples

is the same as the decline in activity of the decay sample.
,,,1:,:‘:
~>,;’!.,. .*
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Prof’iksamples Of the lagoon bottom were obtainedoff

Kabelle Island at depths of’60 feet and 40 feet and off L~m~f~a~

Islandat 55 feet. The sampleswere obtainedby en aqualung-

equippeddiver driving a foot long, 1$’’-aluminumtube into the

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

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

it was observed tbfltthe 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 K&belle tt was gree.tegrthan that of the sand fn

the intertidal zone.

Water

The water collection included eight salt-water samples

from the lagoon and eight fresh-water samples from the !sls.nds

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-mLlli12ter 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

* AI?cu-262(Men P-126) Statisticalmethods used in the measure-
ment of radioactivity (some uset’ulgraphs) - A. H. Jarrett,
T.I.S., Oak Ridge, December 1949.

/ ~--’;
\-\;,
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TableX the-valiiesfur the water samples expressed in d/m/ml ~

0,95counting error are given.

“Wholewater’i~emples were used for counting, i.e., none

Of the natural-occur:”lngradioisotopes were chemically removed,

so the values in the above 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-occurringisotopes about 10.* This means that the”eon-

trlbuti.onof nati,ral-occurringisotopes to the values in Appen-

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

d/in/lnl. t

Because of the relatively great counting error of the lagoon

water samples

estimated. A

of the lagoon

neither the rate of decline nor the decay rate was

conservative approximation of the radioactivity

water, based upon the average difference between

the

the

observed value and the positive 0.95 counting error for

January 26-30, 1955 samples, is 2400 d/m/l (.0011 uc/1).

For the &resh-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/l.(.022 uc per

liter) and may have contained radioisotopes that had leached

-1.35 for the periodfrom the soil. However, the decay rate r = t

from March 23 - July 30, 1955, was sim.f.larto that for mixed

* Schubert, J.~’ Radioactive Poi.sons,nScientific fhmerican$;’:~
Vol. 193, ~/O.2, pp. 34-39, August 1955. ~..:’.\ .,.
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f’~S9iOxlpl?oc’.~f:tfl. . :i’ f’ilLt?red%-eI?.watey} :he decap ~P.tcY f,.yp

the same period WRS sfmj.lar,r = t-1”3C: ).natherobservation

was that the radioactivity of the fresh-water ssr.pies hcreased

from south to ncrth with the act’.vityof the Rongclap Island

sample being 3/$, 1/6, and 1/10 of’the activity of the fresh-

water samples fYQm IW.aetckt Labaredj, and Kkbelle Islands,

respectively,

4.
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Evaluation@? the Chemical Analyses of the BioloRlcal Samples

Fission product and ce.lciumanalyses were 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 Btology and Medicine, for

chemicalanalyses.

Samples were taken from the top inch of soil on March 26,

1954,from both Laharedjand Kabelle. Port~onswere 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 fisston 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 ca_lciwnwas 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 i.sgiven in Table VI. The chemical yields

and the observed counts from ::hichthese values were computed

are tabulated in Appendix Table XI.

The results of radiostrontium analyses of biological samples

fromRongelap Atoll are given in Table VII. Radiostront+~ was

13[}”. i,
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2/Per CeriiActivlty–

trivalent
rare earths 2$. 22. 24.

zirconll]m 16 ● 25. 24.

nlobflm 5.9 7.2 7.0

rutheni.urn 6.9 6.7 5.9

Strontf.um 4,4 ● Z*& 2.5

bar turn 5.5 4.1 6.2

/

.

\

\\.,
\

\

*

I

calcium <.3 <.6 .4-— — _____
total 100. 100. 100.

~/ per cent activity corrected for yfeld ?.ridad-
justed to 100~ recovery

~/ Labaredj Island 120 feet above high tide line

~/ Iab~redj Island, 150 feet above ‘hiPhtide line

4-
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f’oundin p-lants}birds, and crabs but not in fish rustle nor Ln

some of the coconuts. The greatest amount of Spgo follndin the

January !.955samples was 27 x 10-6 uc/g wet weight of coconut

crab muflcle.

Method for Radiostronttum Separation. Tile fuming nitric acid

precipitationmethod was used, the sample ‘beingdissolved in

dilute nitric acid and strcntium carrier then added. For the

bird tissues the stront:.um was precipitated by increasing the

acid concerk:rati~nto 72 percent by the addition of’90 percent

nitric acid and sti:’ringf’orone-half hour. The preclpi.tated ,

strontium nitrato W{LSdissolved In water, scavenged with ferric 1

hydroxide and prec:.pitateda second time from 72 percent

nitric a~id, then counted for strontium radioactivity. ThP95

s;)ikesmm concurrently with the bird samples gave a yield of

+ 0.9 pcrce59.2- nt ● Separationof Y$lUfrom the strontium

indicated that one-thfrd to one-half of the total strontium

stro,utium-90as of the counting date, December 195~P.

was

strontium analyses of samples of coconut meat and milk and

pandanus fruit from the January 1955 co~lectionvere made June 14,

1955, The procedure was similar to that e.hoveexcept that 7’5

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

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

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

ash run concurrently with these s~mples gave a yield of

65.6 * 5.3 percent. FOUT klanks using the same fis”ameal and

run as a check on the radio~ctivi-;y in the meal, the reagents

and on the glassware gave c~unts cf’ C’, 1$ 0, and O. ‘Xie;.dsfrcm

.,..~.’.<.
;.!,. 4’
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gpikesrun-cwmmrently Witli the Gquash, papaya, crab and fish

Sampleswere 84 ~ 3CI percent, From the amount of @O present

90
“90, daughter of Sr , 1*vhichwas deterntied by separation of 1-

8is evident that only a small amount of Sr ~ could’be present

(TableVII).

The results oi’the Ce144 analyses are given in Table VII.

The maximum amount frond was 5 x 10
-6 uc in crab muscle, while

none was found in some coconut samples. Cerium analyses were

made of the filtrate from strontium nitrate precipitation of

the coconut, pandarms fruit, squash, crab, and fish samples

Tlm rare”earths were extracted with
I

listed in the above tiable,

tributylphosphate$ and cerium was separated from the trivalent

rare earths by eerie iodate precipitation. Recovery from

‘lspiked~lsamples of non-radioactive fish meal ash run con-

currentlywere 73 percent for coconutand pandanus fruit, and

75 percentfor all the others.

Determinationswere made of ihe amount of radiolodlne

present in three land plants and tvo algae collected at Rongelap

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

followedthe p~’oeedurese~ outlinedby Glendaain et al.—.

The counts as obtained were currected Wck to March 26,

i954. 1131-wag present in all five plant tissues counted, vary-

ingfrom 0,47 percent to 0.029 percent of the total activity

found.

.—.—
‘(31endenti ~ al:,,“Interchange or radic,acti.-:eiodine with
carrier lcdine. In Coryell, C. 0. snd Sugarwsn, N.!
Radlochemical Studies: The Fission Pzod:acts,Book 3, p, l@J
McGraw-Hill, 1951.

,~:, ‘,,””
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Study of the Rate of Physioal Decay of Radiation in the—. -.—
Biological Samples

The Rongelap samples are now unique among our Mars’h.dl

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, 2954 Bikini ex-

periment; whe~eas 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

ials, (2) to aid in extrapolating

the period of the present survey,

with decline rates.

Eighty-four samples of fish,

plants, plankton, birds, and soil

o’fbiological and other mater~

into past or future time beyond

and (3) to compare decay rat@s

invertebrates, algae, land

were counted an average

11.5 (range,2-73) times for various intervalsduring the

tod from 38 to 500 days after the Bikini test of March 1,

When log of count Is plotted on the ordinate against

of time after March 1, 1954, on the abscissa (here called

of

per-

1954 ●

log

a

log-log plot), a mre nearly straight line Is usually obtained

than when the abscissa is arithmetic (semi-log plot). A mixture

of fission produ~ts is supposed (Coryell and Sug&rman)* to give

a straight line by log-l~g plot witihc slope of about -1.’25for

the period of b~m= involved In this stud:-.The decey of a single

— - ..-—

● Col?yt?ll,co D. and Sugarman, N., Radiochemloal Studies: The
Fission Products, Book 1, p. 456, MXh%w”l’ull, 1951 .,;—.

‘i’’’i”
~.,)’,
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isotope is linear on a semi-log plot, exemplified by bird

thyroid c-ofitainingpredominantly 1131, mentioned in the section

on birds,

Among the 28 plates countedmost often (10 - 73 times) and

presumedto ‘becounted frequentlyenough 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 mtll of a crab, GraPsus grapsus, taken March 26,

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

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

portion 50 - 300 days gave a half-ltifeof 78 days, and the ‘ *

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

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

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

sample decayed ever 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 Ce141 and Ce144 of 30- and 280- day half-ltves, may

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

70 to SOO days.

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

in the seven examples in Figures 12 and 3.3. Although some appear

slightly curved, straight lines were fitted and slopes were

scaled graphically.

Definition of’the curves requires evaluation not only of

5C2
——.— .—...- .
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the degree.of-variance or scatter about the line, but also by

the nsture of the deviation from Iinecrity anong the snooth, cur-

vlltnear plots. Those curves which were concave upward were

fish tissues, none of which had been counted I,,methan sever~

times.

The average slope of’83 deca~-son log-log p30ts vas

-1.43. Table VIII shows a breakdown into groups by types of

organismsand by tissues,and all samples grouped by collecting

dates are recorded in Appendix Table XII.

Differences In decay rates of ttssue~ of the animals
?

are not great, although the liver r;te of decay 1s steepest to

a degree that is of borderline significance. Comparison of rate

of decline of rood items, -1.75, with rate of decay of all

samples, -1.43, shows that food ftems, with the exception

such plants as the coconut, decllne more rapidly in their

active content than can be accounted for solely on the basis

of

radlo-

of decline

J=mary 1955

of their physical decay. However, the steep trend

may result from the inadequacies of sampling. The

collection may reflect variability h the effects of’currentg

or season. ‘Future sampling will show whether the indicated

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

F~om 8 study of the decay curves it is seen that most

biological samples follow the soil trend sufficiently well to

justify use of the soil decay rate in correc ti.ng sample counts

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

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

nut, i.nthe milk of which the radioactivity may decay very
.

i
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Table ~~11

Decay Rates or Rongelap Samples Expressed as the Slope

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

Skin &
Mantle

n 11
z ..1,34
s/’2 0.16

KLdney
Of’ bird

<.$30d >$lOd
n 2 2
z -1.25 -1.71
s/z o.t)~ Q.12

Fish, invertebrate, and bird tissues

Muscle

12

-1.39

0.11

Plankton

3
-1.35

0.05

GII.tor
Bone Liver Viscera

10 12 11
-1.40 -1.68 -1.45
0.11 0.16 0.30

●

Miscellaneous

Other

Algae Coconut
land
plants

3 3 2
-1 .~o -0.60 -1 .3(I

0.12 0.56 0.01

n = number of relationships

1

z = mean slope
s = standarddeviation
s\X = coefficient of’variation of slope

~, .,

Gill

1
-1.28
0

?

Soil.

7
-1.31
0.04
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Table I. Radloactivlty of ~[sh i’rO~
-.

Rongelap Atoll, 1954-55

Values expressed

Dateand
Island ::KY/

3/26/54 daysel 4
I@belle !1

parrot ;f!

gro~per 5
4

#l 1
shark

#f

7/16/54 mullet
Kabelle surgeon 1

butt~rfly :

n n

her~ing

goatflsh 2
11 II

tt It

gro:per 2
4

*I It

~1 see page 33 for

in thnusands of d/m/g of vet tissue

Skin Muscle Bone Liver

41.5 4.85 14.8 889.
5~*5 ;:.;

—...
%.8 1,820.

102. 79.9
106. 13:3 96.o
74.0 8.44 2~.5
35.6 6.25 ~2.5
12.4 3.45 9.53
20.9 4.22 7*5O
16.5 1.75 5.19
28.7 2.95 17.3
23.1 2.9(I 7*73
36.5 2.52 19.5

13.6 3.15 ● 9*59
3.09 ;;;; p;
4.04
4.78 1.12 4:31
~.55 .335 3.80
4.27 .796 5.3~

6.03 .564 5.(J7

4.81 .540 2.86
4.80 .353 ;.:;
?.:; 1.09

.970 2:30
9:7i 1.46 30.1
11.7 2.00 12.4
6.96 1.08 15.2
6.05 .933 6.83

\

1.41 .?46 .473
3.55 .767 3.86

381.
780.
680 ●

399.
98.2

141.
15.3
71.2
27.7
70.3

59*3
23.7
60.2
23.2
28.1
70.1

97.8

24.7
36.6
45.6
21.2
152.
91.2
58.3
83.~

14.8
39.1

-.

Viscera F.ntire

3,590.
39890.
332.

4.020.
645.
331.
180.
417.
69.8
21.1
5.68
15.1

?
328.
89.1 @
16.3
13.8
12.2
23.9

10.9
7.42

84.4
7.64 ~
a~ol
22.4
18.4
15.0
17.6
12.5

13.8
14.5
18.9
11.7
59.4
101.
39.2
29.2

10.0
9975
4.67
6.24
1~.67

6.39
29.6

6.48
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(l%bleI cont.)

Date and” - cO~.On
Island Name Skin

.596
1.32
1.37

5.73
3.86

s960

.209

.196
● 097
.’084
.062
.561
.347
.418
.668
● 399
.298
,509
.514
.487
.447
*685
.473
,7~~
.752
.216

1.25
1.52
2.20
1.62

2.J8

.723L
2.05
2.10
1.90
.932
-977

1.68
.725

Muscle

● 399
.454
.467

.d79

.139

.218

.061

.068

.026

.038

.031

.01$0

.D61

.052

.065

.063
● 095
.103
.091
.106
.082
.084
d;:

.093

.052

.072

.089

.191

.375

.386
;M;

.728

.374

.436

.133

.251

.145

.149

.115

.201
● ~qY

.184

Bone Liver V13cera

7/16/s4 squirrel 1
Kabelle !1

(Cent’d) ‘t ::

.8513

5*95
4.25

48.2
17.7
12.1

10.5
5$.2
61.1

12/27/54 tym
Lagoon

5.76
3.09

1.28
.972

.770

.251

12/8/54
LEigoon snapper .724 4.70 1.14

1/25/55 sur eon 2
F?ongelap 6 ,,

ble~y ;

n n

‘..81
.214
.073
.195
.140
.304
.439
;:;:

.907

.352

.981

.734
1*44
1.32
.378
.682

1.11
.879
● 395

1.02
1.04

.545
1.13
.998

2.80

2.77
3.3b
9.34
5.91 ,
5.37
6.27
~.~$
1.96
1.01
2.50
3.91
1.59
;.:~
.

2.21
5.(Y3
.986
.766

2.92
;.;;

3:89
1.59
2.99
~.:~

9:63
11.0
:.:;

3:30
3.48

3.84
1.91
10.6
3.93
5.07
2.75
3.63

21.6

t

squ:rrel 1
??

t? tt

gro~per 3
n

n
1

jack

1/26-29/55 gro~per
Lagoon II 4 1.86

4.53
1.30
7.32

.671

.694

.682

.490

3.o8
2.62

E.85

1.16
1.65
2.10
1.21
.91?

1.06
1.59
.818

10.9
12.3
27.1

1*73
18.0
1.41 9.45

3.201 ?9 2
parrot 1

I
1! II

n N

45.7
29.125.8

3.79

L.....
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(TableI tort.)

Date and--
1sland

c Ommorl
Name Skin

1.05
.564

1.35
.789
.611

1.65
.614
.782
● 577

1.63
1.47
1.08
.828

2.34
;.;;

1:92

1:19
.382
● 587
.641
.64$)

1.46
1..11
.509
.525

1.36
1.78
1.05
.687
.433
.826
.622

3.44
y~

1:39
:;~:

i.20
2.54
3.18

Muscle

2.49
.265
.513
.496
;;:;

.306

.408

.2“[8

.269

.348

.401

.175
,~~;r

● 35;
.300
:38(5
.252

.181

.166
● 184
.125
.139
.246
.168
.167
.253
.299
;;;:

.125

.110

.117

.108

● 350
.215
.279
.273
.118
.268
.396
.405
.248

Bone Liver

~/28155
Labared
(cent’d{

286.
6*gfj
47.0
54.3
19.5
37.5
24.3
25.1
43.8

mullettt 1.91
.S37

2-97
~*09
.758

1.29
1.41

8.22
4.35
5.50

28.3
4.81
10.1
8.74

1.50
1.84

14.8
14.4

18.2
14.8
4.68
3.25 .
26.4
1.52
4.51 ‘
1.93

1.43
1.76
1.50
1.05
:.::

1:13
2.08

3.97
4.05
2.75
15.1
17.5

gro:per

goatfish
ll:ard 6.51

14.5
3.81II

l/29/55
ICabelle

mulletIt .952
.612
.926
.944
.906

1.70
.603

1.02
1.92
2.23
2.97
1.36
.191
.504
.726
.606

5.74
:.::

4:05
3.~:
10.2
9.02

9.35
16.9
11.2
2.30
3.76
15.8
4.06
11.6
11.2
14.4
10.3
9.85
.490

2.77
6.24
.249

II

3.35
6.54
8.00
1.34
18.1
2.67
6.94
12.2
13.0

37.6
8.62

2.40
1.42
1.79
1.15
.368

1.13
1.42
4.95
1.96

2’7.4
15.3
21.9
38.1
2.32
4.38
4e77
18.G
3.70

damsel 1
wrasse 1
gro:per 4fl

N 11
It
t@ ;

goatfish 1
flatfish

5.02
6.65
1.21

17.5
5.30
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Istfb+ennius edentulu.:.— -
vaulus.—

Chae}odon collaris
Iiixlula

daxpel Abudefduf sordldus—. —
Wscyllus vuanu9.— ——
Chromis caeruleus
PTtEiSYI’iiican9

IIaluli-.—.—

tt
19
fl

Bothus mancus— —. —-—

Mulloidichthys aurlfhmna
samoensis

1

2

tl?phzc~halug. elonqatus
fario*t

f! E?E2!3Q%ZQE
merra

$1 spilotoce~
Variol.:lo’Cltl.—-—— —.

gr0:per 1

2
3
4

If
n
II
n

5
6

HyporI.-.mhIls Iaticeps

Snrat,elloidesdelicatulus------ ... ——

Caranx melam~gus_—

Synodus variegates

Neom;’xuschaptalli..—-

1 Scarus ~r~ureus
F ~- g?.

Carcharhinus melano~terus_. ..——

mullet

pa:rot

shark

Let.T~<: sp.-—.- ..
Lu~,’.,. Jp.—..—. ...—

Holocentrus sammara
Myrlprist13 XGiZTRdiatus—— —— —

Sp.

squ+rrel 1
2

II 7.J

Acan:hur~~s.elongr~tus,...—-
triCsteRU3-—

Gymn osarda nuda——

‘Ur’’ieon

tuna

Gomphosus vnri.us— —...
_.alichoeres triuaculatu~—.-—. (a
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_Table 111. Radioactlv!ty of Ccral-.

from Rongelap Atoll, 1954-55

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

Date and
Island

3/26/54
Kabelle

V16/54
Kabelle

~/28/55
hbaredj

Acro- Fungia Helio- Lept- Mllli- Pocillo- Poritespora pora astrea pora pora

960. 140.
240. 39.

8.b 3.o 33
14. 3.6 49; 9*7

7.8
● 70
.50

3.5
4.1
.44

3.1
2.1

.22
3.2

r

.;8 1.3 1.9 2.6 I
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‘- - ‘TableIX. Radioactl.vltyof Tern Zggs

from Ron~elao Atoll, 1954-55

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

Date and
Island Eggs!~ell yolk White Embryo

7/16/s4 1.14 .804 .508
Kabelle 2.15 2.03 .795

1.42 2.J6 .905
1.48 &.92 .056
.956 .409

1/29/55 .376 .065
Kabelle .272 .:33J

● 280 .l’j45
.035

{

,7;
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Table X Radioactivityof Plankton, Soil-Sandj and

Water Samples from Rongelap, 1954-55

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

- s/z6~14 7@5/54 12/8/54 12/18/34 1/26-30/55-.

Lukuen 3.39; 9.61

Kabelle 4.73; 5.84 13.7: 22.8 4.01; 12.8

Labaredj 306. 11.o; 8.54 2.04: 0.90
Rongelap 1.18; 2.10

Soil-Sand- Values expressed in thousands Or d/m\u

Island Soil Beach Sand

3/26pj4 7h6/54 12@\54 l\22-30~>5 12~/54 l/25-3oP~5

Lomuilal 166 35*9
Gejen 830 6.16

Kab:lle 2,000 312 315 106 20 ● Tv

421 596 5.04

Lab~redj 17,000
13,000

Rongelap 2.34

Lagoon bottom, 1~29-30/’55 .

O-A” ~-g’ p~l$’ ;%-1;” @@’4’ 2y+.~’”

Lomullal,55’ 22.9 27.2 ‘. . 1’7.9 14.5

0-1” 1-2” 2-3’” 3-4”
4-5” 5-6”

Kab~lle,60C 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

Labaredj,150’ 16.2

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

Lagoon Water Fresh Water

7/I 6/54

Lomuilal
Kabylle 3.3$ 3.1

$.; : $.:
11
f! - 4:8 ~ 3:4

Labaredj
Eniaetok
Ron~elap -

!!
It

1/26-30};5 12/18/54 l/2~-30/55

5.6 ~ 3.0
3@3t2.’7

6.8 ~ 3.0

5..6~ 3.()

13.7
3.04

1.16

?
t

6-7”

3.29

.2&”

J~r2

:1+/’
.23Y

l/at high tide line

7’
?! cistern water
/ filtered well water
~/ standing water
~ ground -

,. -.~:,!, ,.,....
~,, \,.,, .

73
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TableXII. Physical Decay Rates of Rong,PlaD Samules
-— .-x

r=b ;to= March 1. 1954

No. of X,

?late No.
Date and Substance or

Island Organism

493’2
k933
i;lJ34
4935
~~36a‘
11:44

4045
4046
4047
4048
4049
4050
4051
4052
4953
4054
4055
4056

4057
4058
4059

5000
5006
fjoo8a

5016
5017
5023
5057a

5078

6009

6018
‘7002
7003
‘7021
7030
‘7032

7040

squtrrel fish
m N
w 1!
II 19
!1 !!
It II
It II

U !1

II 11

It II

II 11

pa;rot f~sh

u ?1
n !1

l! ft

sea cucumber
shore crab

coconut crab

Messerschmldia—

130erhaavia
L.abaredjso:tj- tfirn
Kabelle

fairy tern

curlew

Tissue Times Decay
counted Rate-

muscle
bone
lIVF??’
gut
gill
skin
muscle
bone
liver
gut
gill
sklrl

muscle
bone
liver k

gut
mantle
muscle
visceral

mass

mantle
muscleII

gastric
mill

gastric
mill

debarked
stem

leaves
bone
liter

11

kidney

?1

1.33
j_.6L

1.28
1.30
1.63
1.45
1.71
1.58
1.47
1.30

1.77
1.95

2.96
1.28
1.27

1.14
1.15
1.24
1.38

1.13

1.31
1.29
1.63
1.28
1.31
1.36
1.17,<90 days
1.59,>90 days
1.83,>90 dayg

]-.,~

1’::’. .’;-
I



..—.. —. .. . . . .. .. ——- -.-——.— . ——..—.- ,——...—— .. . -. ——. ..—

No. of
Date and Substance or

Plater?o,
Times

Island Organism Tissue Counted

?500a “z/2~/54 soil t~p in~h
7501 Labaredj “
(glass)

7502a
8203
8240
6844
6859
12151
12152
12153
12154
12155
12N36
12201
12202
12203
12204
12205
12231
12232
12233
12234
12235
12236
12237
12238
;::;:

12241
12242
12243
12244
12245
12251
12252
=?;

12255
71

9947
9949
10700
10706
10745
;;;::

Kabelle II fl tl

Labaredj pla:kton
Kabelle
7/16/54 Halimeda

‘~~nch coconut
entl:re

Kabelle
.—

11

It

1!

herring
but~erfly fish

fl w

n tl

sur eon f;sh
6
11 It

r? N

II If

It II

mulletIt

grou~er

n.-
tl

lt

tern
“ 12/8/54 So:l

Kabelle
coc:nut

Halimeda
Caulerpa
plankton

skin
muscle
bone
liver
viscera
entire
sktn
muscle
bone
liver
viscera
skin
muscle
bone
liver
viscera
skin
muscle
bone
liver
viscera
skin
muscle
bone
liver
viscera
skin
muscle
bone
liver
viscera
eggshell
mid-island
intertidal
meat
milk
entire
entire

U&

73
40
8
8

:
7
7
7
7
7
7
5
8

?
5
5
7
6
5
5
5
7
5
6
5
5
7
5
5
5
6
:

6
6
40
10
11
12
11
11
11
10

.
\

x,
Decay
Rate

1.35
1.34

1.33
1.28
1.28
1.41
1.05
0.54
0.99
1.12
1.14
1.75
1.12
1.30
;.:;
.

1.39
1.74
2.i4 ‘
1.49 s
1.22
1.26
1.54
1.25
1.21
1.44
1.63
2.06
1.25
1.31
1.55
1.34
1.79
1.25
1.26
1.41
1.36
2.0!)
2.40
1.76
1.36
1.23
0.96
0.24
1.22
1.33
1.36

. .
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