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United States,nor the Commission, nor any person acting on behalfof the CommissiorK

A. Makes any warranty or representation,express or implied,with respect to the

accuracy, completeness,or usefulnessof the informationcontainedin this report,or that
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ABSTRACT

The trend in beta radioactivity as measured with methane
flow counters over a period of about two years is shown,
starting with the 1954 Castle series of nuclear detonat~~s>
Up to but not includlng the series of 1956. The results are
presented as graphs each showing the logarithm of the radio-
activity of an organism or of a particular tissue of an organ-
ism, related to the logarithm of the time after the date of
detonation, when nearly all of the radioactivity was assumed
to have originated.

Invertebrates are considered in greatest detail, and
other organisms and materials are included for comparison:
island soil, beach sand, sea water, plankton, algae, land
plants, reef fish, birds, and rats.

It Is proposed for most organisms studled that after a
period varying with the organism up to two to four weeks
following detonation, a maximum level of radioactivity in the
field samples collected is attained, followed by a decline
approaching linearity on log-log plots with slopes over the
major portion of’the two-year period that can be represented
as the negative exponent of the time after detonation. These
decline slopes varied greatly with different localities and
organisms, reaching a maximum of > 3.

A few decay rates of individual samples of each organism
or material are Included for comparison, and these generally
were equal to, or less steep than, the declines, suggesting
that for some organisms or tissues, the level of radioactivity
in the environment decreases more rapidly than oan be ac-
counted for solely by physical decay while for others the rate
of decline can be accounted for solely by the rate of physical
decay. Dilution by natural water currents and rain Is pre-
sumed to account for the many cases of more rapid decline than
decay.
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RADIOACTIVITY OF INVERTEBRATES AND

AT ENIWETOK ATOLL DURING

OTRER ORGANISMS

1954-55

Introduction

Levels of radioactivity in living forms have been de-
termined at almost all of the Pacific Provfng Ground tests,
both immediately before and shortly after the detonations, as
well as at occasional relativel great titervals of a year or

7more later (UWFL-33~ 42, and 43 .

The present study traces the trends in the beta radio-
activity of tivertebrates by means of repeated observations
from shortly before the Nectar detonation (May 142 ~954) for a
period of nearly two years. For comparison with the inverte-
brates similar observations on other substances and organisms
are included, usfng some information given more fully In
reports by other members of the Applied Fisheries Laboratory
who deal with their problems from different points of view.
Palumbo (1957) reported on the radioactivity ~ algae and lad
plants. Held (1957) studied the trends of radioactivity fn
the land hermit crab and discovered the preponderance of
radiostrontium in the exoskeleton. Welander (1957) described
the trends of radioactivity for the reef fishes of Belle 1s-.
Lowman, Palumbo, rand South 1957) reported the identity of the
radioactive non-fission products remaining in certain samples
collected h 1954-55 and in 1956 as determtied in late 1956 and
early 1957.

Although the emphasis of the present paper is on inverte-
brates, certain data from many of the other areas are brought
together here In order to compare the trends in levels of radio-
activity in a unified form and by as nearly identical methods aS
is practicable. It should be possible in this way to observe
the general pattern of change of radioactlv”ityIn living and
non-living materials, and to detect divergences from the pattern.
Study of the trends in this manner has proved useful in pointing
out materials of Interest for radloisotoplc analysis by gamma-
ray spectrometry.
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A comparison of the rate at which levels
or~anisms of the same species change with the

of activity in
passage of time,

he;ein termed decline, with the rate of physical decay, should
indicate changes in availability of the radioactivity to the
orgenism concerned. If decltie is more rapid than decay a re-
duction of activity in the environment beyond that caused solely
by physical decay is suggested, and conversely, a steeper decay
than decline suggests either an ticreese in availability in the
environment or an accumulation or concentration of radio-
activity by the organism. Equality of decay and decline sug&st9
that uptake and excretion of radioisotopes have reached an
equilibrium with the environment. It will be shown that cases
in which physical decay progressed more rapidly than did the
rate of decline over the same period of time were rare or lacking.
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METHODS

Radioactivityof common substancesand organismsat Enlwe-
tok Atoll was evaluated in two ways, first by concentratedstudy
involving many organismscollected frequentlyat one island,
Belle, and second, by less intensive study at several islands
around the atoll in order to elucidate the geographicaldistri-
bution of the activity.

Belle Island (Fig. 1) was the
major collecting and observation
site, except for rats, for which
it was Janet Island. Collections
were made on April 15, 1954 at
Belle before the Nectar test,
almost daily for the week after)
and at increasing intervalslater.
The second aspect of the study,
at several islands, Involved pre-
Nectar collections in April and
May, and nine to ten post-Nectar
collections, usually expedited
by helicopter, at intervals in-
creasing from one to nine months,
at which time SI.Xislands, Henry,
Leroy, Alice, Olive, Vera, and
Bruce were visited. The remaini-
ng two islands, Janet and Elmer,
were sampled at approximately
the same times in connection with
other studies.
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Fig. 1. Map of Eniwetok
Atoll

Survey meter readings were taken frequentlyat Belle, but ~
only about half of the visits to other islands. The Juno meter
was used for high (Table 2) levels of activity and the Geiger
counter (Nuclear,MX-5) for low levels. Several spti were
usually monitored with the instrument one inch from the ground
and with the shield both open and closed. Similar readings
three feet from the ground were taken less frequently and are
not included.

For the distributional study on the various islands a hand-
ful of island soil from the top inch, intertidalbeach sand, a
few milliliters of sea water, algae, and three sea cucumbers
were taken. Periodic trips by M-boat around the periphery of the
lagoon, a mile or two centrally from the islands, served for
sampling sea water, plankton, and pelagic fish by rod and reel.
Plankton tows usually lasted from 15 to 30 minutes at from one to
two hots per hour using two l/2-meter nets, fine (No.20 of 173
mesh/inch) and coarse (No.6 of 74 mesh/inch) tcwd stiul~ouslY
from either side of the M-boat. Large jellyfish. if present were
removed and the samples preserved by adding formalin to make 5%.
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At Belle Island, the invertebrates usually sampled were the
killer clam Tridacna, the spider snail -+ambls,the land hermit

L, the black sea cucumber 1crab Coenobl@
—-
Holothuria atra, and the

branching corals Acropora, Porites, Pocillopora, and Heliopora.—
Fish, and aquatic invertebrateswere usuallY collected alon~ the
north or ocean side, algae on the lagoon and ocean sides, l&d
plants In the central portion, land hermit crabs among the
bushes of the north edge, and terns nearby. Rats were obtained
centrally on Janet Island.

Invertebrates and fish were collected at low tide when
possible. Biological specimens were put on ice in insulated
containers and transported to the laboratory at Elmer Island for
immediate preparation or for freezing until time was available
for dissection.

Soil samples were dried and packaged for shipment. Flve-
ml.llilltersamples of sea water were dried on 1 l/2-inch stain-
less steel plates and ashed, except that in 1956, 100-mllllllter
samples were used because of the low level of the activity.
Th se were treated with sodium carbonate to remove potassium
(K$O contributes about 0.6 disintegrations per minute per
milliliter), and then filtered, and the precipitate used for
counting, Radloceslum 1s also lost by treatment with sodium
carbonate (UWFL-46: 10).

Plankton was prepared by filtering and removing as much as
1-2 grams to the 1 l/2-inch counting plates, drying, and ashing.
From occasional poor tows the wet sample weight was as low as
0.1 gram.

Portions usually sampled from the invertebrates were: from
clams, mantle, adductor muscle, gill, kidney, visceral mass, and
shell; from spider snails, mantle, muscle of foot, terminal
portions of liver and gut, visceral mass, and shell; from the
land hermit crab, gill, digestive gland or liver, gut, carapace,
and muscle of leg; from sea cucumbers, gonad when sufficiently
plenti~l, gut and contents, muscle of the body wall, and body
wall or Integument with or without attached muscle; and from
coral the terminal portions of small branches. Shell samples of
clams and snails were usually taken from the thin edge to include
periostracum,

The term gut as used in this report implies any portion of
the digestive tract not more specifically designated and includes
the contents.

Sample size was Influenced somewhat by the nature of the
sample and the amount of radioactivity present. When activity
was low, larger samples were used. Between 50 and 200 milligrams
of ash were usually considered desirable, but weights ranged
widely, from less than 10 to more than 1000 milligrams. Shell
and gut with sandy content were more lightly samFled on a wet

. . ... .. . ... ”
,< . . .
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welght basis than soft tissues.

Weighed samples of tissues in pllofllm bags were dried
overnight at 100° C and sent to the Applied Fisheries Labor-
atory in Seattle for processtig,which was usually accomplished
about a month after collecttig.

In processing, the samples in pliofilm bags were applied
to the plates(l l/~-inch stainless steel, previously weighed)}
ashed overnight at 500° - 550° C, slurrled with alcohol, and
dried. The plated ash received a few drops of Formvar
dissolved in ethylene dichloride (up to 1 mg dry equivalent)
to affix the ash to the plate. The plates were then weighed,
and counted in meth-e gas-flow counters.

Except in the case of rats, counts were corrected back to
date of collection ustig the decay rate of island soil
(plate 7542) collected May 15, 1954 at Belle (Fig. 5, P. 11).
For rats the decay correction was based upon the individual
decay rate for each plate.

Self-absorption correction factors were based upon land
SOI1 collected June 7, 1954 at Edna) the decay CUrVe of Which
(plate 917’0) appears inpigure 5, page 11. w~thin seven Months
after Nectar an increase in average energy necessitated a re-
duction in the self-absorption correction factor for the later
counting. The following tabulation illustrates these changes.

Ash weight Self-absorption correction factor for count@
in mg/plate Before November 1, 1954 After November 1, 1954

3 1.0 1.0

;: H
::;

100 1.6
300

;::
1.9

1000 4.3 2.5

Geometry and backscatter for the counters and plates used
required a combined correction factor of 1.54. Coincidence
correction factors were determined and applied for the counters
employed. For the decay curves plate counts were used,
corrected only for coincidence.

Applying these correction factora gave values in disinte-
grations per minute per gram (d/m/g) of wet tissue as of the
date of collection. Processing techniques are further discussed
In UWFL-43 and WT-616. Three significant figures were retained
throughout the calculations, finally being rounded to two.
After plotting d/m/g against time the ordinate was in some
graphs calibrated also in

?!
Icrocurles per kilogram (uc/kg)j a9sum-

Ing 1 uc to equal 2.2 x 10 d/m.

,, i
1-? 1,
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The Nectar test (May 14, 1954) was used as the date of
origti except where otherwise indicated,but earlier shots also
contributedradioactivityto the samples studied. Especially
the Bikini (March 1, 1954) shot contributedgreatly to some of
the samples. Residual long-livedproducts from earlier detona-
tions prior to 1954 rendered the curves less steep than they
would have been as a result of the 1954 series alone.

The trends of activity as related to tZme are of two kinds,
the physical decay of individualsamples, and the rate of change
in activity of a certain type of sample at a certain locality.
To distinguish it from physical decay, the latter trend will be
referred to tn this report as decllne.

..,,,
,,’

.. ., -
,,

Results are shown as graphs of the relationship of logar-
ithm of radioactivityto logarithm of time of collection after
detonation. The date of origin used may deviate somewhat from
detonation day or the true origin without markedly affecting
linearity of the plot over the period of study. The slope 1s
changed according to the date of origin selected, but if the

-, “ ~,: ,. same-origin is used for both decay ~d decline, the two may be
compared.

-,
+. ,

-,

,
,,-

~.,:=..,
;. +
., . .“ . . : rithmlcally gives a straight line, -andBaliou)..’.-.’,$.J:*,1’‘:, while on the same plot a mixture of

half lives results in a line of,~. .
.“t-.‘-. increasing steepness...... . .. ““

Hunter and Ballou (1951) show on logarithmic plot the
theoreticaldecay of mixed slow-neutron-
initiated fission products of U-235
over a period from 1 to 1000 days as a
slightly curving line with a predomi-
nant downward curvature (concave

7
la-

below and a general slope varying
from -1.0 to -1.7, averaging -1.2 (Fig. 2).
A slmllar presentation of the trends of 10-
radioactivity observed in the present $
study facilitates comparisonwith this
curve and within the study itself. it~

)
In log-log graphs it will be con- i F;#z

venient to speak of slopes or rates of J-

decltie and decay as becoming more or m 00
leSS steep with the passage of time, and ‘*-*— ‘ -&m.&u-
when the terms steepening or leveling are
applied to the trends, the log-log Fig. 2. Mixed fission
relationship is implied. A single product decay, gross
half llfe when plotted semiloga- beta. (After Hunter

In the declines shown as straight llnes on log-log plots
possible fluctuations of a cyclic nature attributable to season
or other variables are ignored.
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RE9ULTS

PIan of Presentatlon

For each of the ten pri~ry subjects of investigation
(survey meter readings, soil, water, plankton, algae, land
plants, invertebrates, fish, birds, and rats), the trends or
declines are shown graphically, and in some cases also in
tabular form. For all subjects the regressions along with
relevant data are brought together in Table 1. Where available
the pre-Nectir level appears near the left edge of the decline
graph as either a short horizontal bar or wedge.

For the straight lines depicting the declines where line-
arity appears to prevail, the time span involved is stipulated
in Table 1 as well as being shown by the abscissal range of the
lines In the graphs.

For conversion between microcuries and disintegrations per
minute the following relationship was employed:

lUC= 2.2 x 106 d/m.

The log-log regression line 1s determined by its slope and
y-intercept on day number 1, according to the relationship:

Y = atb,

where Y is the amount of radioactivity at time t in days after
assumed detonation day, and a 1s the y-intercept expressed in
units of radioactivity of the regression line of slope b on day
number 1. For example, the second entry in Table 1, survey
meter readings at Belle, graphed in Figure 3, tivolved observa-
tions on 16 days over the period 5-540 days after Nectar. The
regression was

Y - 2.5 x 103 t-1*14 EIP/ti,

with a correlation of -.971, which is far beyond the 1% level
of P.

Along with decline data, available decays for as nearly
simultaneous periods as possible are presented for comparison.
Decays start later than declines because declines were corrected
back to date of’collection, while decays are for the actual
dates of counting.

On the decay graphs the ordinate represents gross beta plus
the negligible alpha and gamma activity that would be detected.

Decay curves even on the same graph are not comparable to
one another as to absolute levels, because of vertical shifting
to obtain compact presentation, but.may be compared as to slope.

-. . . . . . ---- . -..--’--- -, .,--- -,-------- -.
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Table 1. Relationship of amount of radioactivity to time after detonation in 1954 at Eniwetok Atoll.

Day #1 in- Los-1og n, Corre- P In

tercept of decline days lation %
regression rate, sam- coeff.

negative Pled r, neg

J
sub~eot Locality Detonation Time span Units of

date to involved. radio-
which
referred

5/14/54
5/14/54

,,
,,
,,
,,

,,
,,
!,
!,
1,

,,
“
n
n
,,

,,
1,
!,
,,
,,
,,
!,
,,
,,
,,

,,
“

days after aotivity
detonation

5.6 X l& 1.06

1.14
1.39
1.06

;;2 .87
,, ,, 6.0 x 103 1.60

19 .986
16 .971
a .866

13 .987

SLU-WIY meter. shield closed. 1“ Belle mr/hr1-311
5-540
22-270
1-710
22-710
22-270
22-270
22-270
22-710
22-710
22-540

22-270
22-710
22-270
22-710
22-270
22-710
22-710
22-540
38-220
1-720
42-540
5-310
50-270
5-26
38-710

38-270
26-720
38-720
33-720
26-310

38-270
5-310
5-720
1-720
5-530

!,

5-200
!,

26-530
!!

33-710
,,

26-310
1,

5-530
,,

5-710
,,

20-270
20-710
20-710
20-270
20-710
20-270
20-530

20-530
20-530
3-710
36-710
1-710

1-710
1-710
1-710
1-710
1-710

Survey meter: shield open, it-Belle
Island soil, top inch Alice

,, ,. ,, ,,

dlr 245 X ld
wa~kg dry2.8 x 104

“ 1.3 x lfiaBell*
Janet
Ollve
Vera
Bruce
Elmer
Henry
Leroy

Alice
Janet
Olive
Vera
Bruce

Elmer
Henry
Leroy
Alice
Belle

,,
,,

Edna
Flora
Janet

olive
Vera

,, ,, ,, ,,
,, *,, *
,, ,, ,, ,,
,, !, ,, ,,

!! ,, ,, ,,

,, t, ,, ,,

,, t, ,, ,,

Beach eend, intertidal
t, “ ,,
,, 1, ,,
,, ,, ,,
n w ,,

,, !, ,,
t, ,, ,,
,, !, ,,

Sea water
,, ?1 , ocean side
,, ., lagoon reef
,, ,, plankton station
,, ,,
m“
,, ,,

m“
,, ?,
,, ,,
,, ,,
,, ,,

,, ,,
,, ,,
,, ,, except Belle ocean
“ t,

Plenkton
,,
,,
It
,,
,,

!,
,,
,,
,,
,,

s,
.
,,

Hal:meda (calcareous elgae )

w
,,
,,
,,
.,

,, .-
,,

,, ,, 8;7 x 1 10 .606
e .762
3 .610
8 .985

,, ,,
,, ,,
It t,
,, ,,
,, ,,

1.1 x 1%

::: : #
2.e x 102
3.7 x 101
3.0 x 102
1.6 X l&
1.0 x 102
2.1 x 101
8.0 X lC?

3.7 x lo2
5.2 X 103
1.2 x @
6.6 x 103
3.4 x 103
a.5 x 105
7.7 x 105
2.4 X 105
5.4 x 104
1.8 X 104

5.9 x lo~
2.3 X 105
1.9 x 105
1.2 x 105
7.8 X 105

.64
1.69
1.47
1.44
.92

5 .982
10 .815
9 .643

N “

n “

,! ,,

,, ,,

,, ,,

.84

.79

.84

.60
1.36

.816

.594

.617

.717

.841

.030

.890

.915

.976

.871

.944

.985

.947
--
.913

.

,,. ,,, ” ,! ,,

!, ,,

,1 ,,

d/rein/ml
,,

1.23
1.88
1.39
1.57
1.28
2.91
2.30

...”, y.. -

....., ,
.,

L. -!

1,

t!

w

,,

,,

1.80
1.8
1.80

1.47
2.22

!,

,!

,,

,,

!,

.991
1; .924

Bruce
Deep 2ntr.
Wide Pass.

,,
,,
,,

2.14
2.13
2.40

5 .998
9 .896
9 .965

Henry
Leroy
All above
All
Belle

,,

!,

!,

,,

!,

,,

,,

!,

,,

2.2 x
8.6 x
3.0 x
3.9 x
4.0 x
1.8 x
5.0 x
3.2 X
3.1 x
8.8 x

!!

,,

,,

,,

d/~/g wet
anh

,. wet
!, ash
,, wet
,, ash
?! wet
!, aah
U wet
!! ash
,, wet
!, aah
,, wet
,, aah

uc/kg wet
,, ,,

1.66
2.41

.951
1: .986

.935
1:: .991
12 .955
12 .965
3 .998
3 .975

.515
% .608

2.24
1.76
1.95

,,.
1.52
1.15
1.00

::2

,, Mike crater
,, ,,

,,
!,

!,

,,

,!

,,

,,

“

,,

n

,,

,,

,,

!,

,,

!,

!,

,,

,,

!,

,,

M

,,

r,

,,

Vera
!,

De:p Entr.
,,

Wide Pass.
,, ,,

Leroy
,,

All eix
,, ,,

Alice
Belle
Janet
Olive
Vera
Bruce
Elmer

Henry
Leroy
Belle
Belle
Belle

1,

,,

,,

!,

,!

7.9 x
6.2 x
3.4 x
3.4 x
5.2 X

2.6 X
2.8 X
2.2 x
2.1 x
5.5 x
5.0 x
5.4 x
3.2 X
2.0 x
3.2 X

9.0 x
1.0 x
‘7.6x
2.7 X
9.4 x

2.15
1.93

.761

.748

.840

.871

.947

.943

.833

.849

.963

.965

.947

.970

.954

.982

.929

.938

.979

.883

.976

.950

.866

.963

2.61
2.37
2.23

1.90
1.96
1.74
2.02
2.13
1.69
1.76
2.o6
2.50
2.20

2.00
2.91
1.63
2.23
.71

1.07
.96
.99
.94
.90

::
12
60
60
e
9
9
8
9
3
7

9

11:
11
29

29
29

,, ,,
,, ,,
,, t,
!, ,,

,, ,,

!! 6,

,, ,,

-,
+, ,.,

J.” ,.:- .
‘,,”.
.,...’”. .:
.’ ..,4.~..,

,,

d/m/g wet
>! !,
.! ,,

,, ,,
Vi9ceral masa

,, !,

n !,
gill
shell

,, ,,
mantle

,, !,
LUu9cle

2.0 x 106
5.6 X Id
3.3 x 105
2.0 x 105
7.3 x 104

!, ,,

!, ,,

,! ,,

,, ,,

,, ,,

*.
,,~.,r.:

.,. ..-
.“’

25 .S99
29 .961
29 .967

,- . . . . . . . .,-.
.,
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~~bl~ I, continued.

Subj OOt
LOoality

Enlwetok Atoll.

Detonation Time span Unlt8 of Dq #1 in. Log-log n, Corre- P in
data to involved, rmlio- tercept of decline ~~~~;;~ $

dayn after aotlvity regression. rate* -
detonation negative pledr, neg

Corre- P In
S lation %
- coeff.
dr, nog

whloh
referred

,,
,,
It
tt
t,

,1
,,
“
,,
w

,,
II

n

,*

,,

,,

!,

,,

,1

,,

n

t,

,1

II

n

I*

!1

!,

,,

,,

t,

!,

,,

!,

,,

,,

,,

t,

n

1!

,,

!?

,,

,,

N

t,

,,

,1

,,

!,

,,

!1

,,

!,

,,

,,

!,

n

3/1;54

,$

,1

11

,,

,t

W

“

“

n
w

“

18

m
w
n

;.: ; ;:: 1:::
. 9

5.4 x 105 .62
2.1 x 15 .64 1:
9.1X105 1.18

9 .887
.959
.628
.930
.926

.950

.940

.906

.950

.983

.908

.837

.980

.980

.931

.939

.9a6

.956

.033

.893

.986

.987

.817

.919

.984

.878

.914

.969

.913

.976

.903

spider Sn:il (L~bis), liver “
“ gut :
!, ,, !, mantle
,, “ t, muscle “
“ ,, “ shell “

He~it cr~b Coen:bita, O&&oe “
,, “

“ ,, ,, liver ~
“ “ ,, gut
“ ,, ,, gill “

8-540
8-310
8-310
8-540
8-310

3-710
3-710
3-540
3-305
3-305

39:710

.
II

36-540
!,
,,
,1

38-710
“

“
,0

21:2eo

,,

,*

39zno

II
,1

39-710
!,

39-540
39-710
41-710

n
,,
t,

39;710

,,
,,

125-710
,,
,,

t,

13-311
13-311
13-710
13-540

13-710
14-305

,,
,*
!,

,,
.
,,
,,

121-380

77-600
“

77-380
77.600

“

77.380

,,
!,

,,

,,

,,

,1

“

,,

!,

,,

“

n
.
,,
,,

n
,,
n
n
n

n
II

$,

t,

,,

n
n
,,
,,
,,

,,
It

,,

,,

,,

,,

r,

,,

,,

!,

,,

,,

!,

!,

,,

,,

,9

,*

,,

,,

,,

,,

t,

,,

M

,,

,,

,,

.

,,

,,

,,

,,

,,

,,

,,

.908

.971

.866

.987

.606

.762

.610

.985

.982

.815
,643

.816

.594

.617

.717

.841

838
890
915
976
971
344
385
)47
.-
113

91
24
98
96
55

il
16
L5
11
5
5
8
s
5
3

L
1
)
L
‘?

5

30
30
29
26
2.9

8
8

:
10

10
10
10
7
7

6
7

!, acle ~
,, integument “

~. atra gonad Belle

,,
“

,,

!,

,!

“

n
“

w
,,
!8

,9

,,

“

,,

,,

!,

!,

,,

“

,,

,*

!,

t,

,,

,,

,,

!,

,,

,,

,,

*

!,

,,

,,
,,
w

,1

w
,,
!,

“

,,

,,

,,

,,

,,

“

w
,,
,,
!!

,,

,,

,,

,,

,,

,,

,,

,,

,,

,,

,,

,,

,,

,,

,,

,1

n
“

n
II

N

tl

m
t,
II

,,

*

I*

,,

1,

It

!! gut ,,
,, mumle “
!, integument “

~. atra gonad Janet
~ gut t,

,, muscle f
,, integument

~. atra gonad Olive
~ @ ,,
,, muscle “

,, integument “
~. ~ gonad Vera

gut ,9

,, muscle “
,, integument “

8
8
8
8
8

6.9 X 107 1.85
;.;:;:; :.:

3:9 x 107 1:94
2.0 x 106 1.43

tt
n
n
,*
,,

9~. atra gonad Bruce
- Rut ,, 9 .974

8 .907
9 .961

,! ;uscle “
,, integument “

~. atra gonad Elme 8
8
7
8
9
9

8
9
7

;

2:
21
23
22

.918

.965

.953

.943

.841

.943

.872

.846

3.7 x 107 1.87
:.;;;:: ;.::

7:3 x 106 1:66
6.4 X 107 1.97

,,
“

t,

,,

,,

t,

“

t,

!,

,,

,,

1!

t,

,1

,,

11

,,

11

n
,,

,, gut !,

,, muscle “
!, integument “

rnlacel. gonad Henry
r! !,gut

7.9 x
1.4 x
4.9 x
5.0 x
4.4 x

5.1 x
2.5 X
2.0 x
6.7 X
1.5 x

4.9 x
7.0 x
1.6 X
2.1 x
1.4 x

2.4 X
3.2 X
2.5 X
7.7 x
2.3 X

9.8 X
1.3 x
2.7 X
7.e x
5.2 X

9.8 X

106 1.71
108 2.19
lo9 2.75
~09 2.54
~o13 4.16

~o12 3.74
~07 1,90
107 1.43
105 1.49
~07 1.77

!, muscle “
,, integument “

.916

.932

.914

mi9cel. gona~
t, gut
,, muscle

Le;oy

,1

,, integument “
Fl:h, a+l spe~les akin Be+le

m ,, ,,
gut
muscle “

“ ,1 ,, bone II

.883

.965

.936

.969

.990

.930

.941

.926

.833

.814

.859

.054

.971

.953

.739

.711

.922

106 1.18
~05 1.25
~06 1.57

106 1.56
lo6 1.21

1.6 1.31

106 1.35
1~ 2.40
106 1.63
105 1.15

a3
17
17
17

“ t, 1,
liver “

Tep, mo:t~y fa:ry, feathera Be~le
muaole

,, ,, ,, bone ,,
n n !,

lung “
n “ !,

liver “
“ ,, ,, kidney “
n ,, w gut II
“ ,, “ all tlssuee ‘t

Rat, fur and skin Janet

17

17n
II

,,

II

,,

,,

n
“

,,

n

!1

17
17
17
14

17
17

“

n
m
n
n

,,

mawole ,,

bone ,,

lung ,,

liver !,
kidney ,,

gut !,

,,
,,
,,
,,
t,
N

~04 .89
107 1.49
106 1.59
104

106 1:::

108 2.56

<<1
<<1
<<1
<(1
c< 1

..—

16
17
16

.843

.578

.684

16 .896

.

.. . . . --- , “.. -.. . .-
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Survey meter readings

>1 ...,.,.

1
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,,>
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,,

,.
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Table 2 gives survey meter readings at nlxieislands, of
which Edna, adjacent to the site of the Nectar detonation
(Mike crater), was highest, with 600 mr/hr on June 7, 1954.

F

Figure 3 shows the series of ’000 ●

BCLLC WIVt:cAWof:\~

readings at Belle with meter one
Inch from the ground, the shield 0

: ‘\’

●

both open and closed. Slopes of 100 ●’,

the two re resslon lines, -1.14
0

f

●<e

and -1.06 Table 1) do not differ
%.. %%& %

significantly. The slope 1s : 90
● se

approximately that of mixed la ● *

flsslon product decay, assuming
●

there was a sllght levellng
influence due to detonations prior

●

to 1954.
●‘, looDRs’’’wlen-vI*,,** ,WO

Fig. 3

Tablo g. Surwq meter readlnga h milllro.ntgeme per hour
●t one lnoh from the found on vw i OUO lslende Of ~iwotok
Atoll in 1964-66. V uee shove 20, with JWIO, othere with
Oeiger counter. Shiald open except ●t Bells, firet oolm,
for TMoh, shield alomd.

Date Alioo Belle Daiey EdM Janet Olive Vera Ihnry Leray

20 s 6

Vi#4 376
200

1s 130

z 66 :%?

6@4 so *2
so 60
e9 90

: 27 70
7 227060600
10 2040
11 19 so

1s 36
: 401234 400 14

7/llH 10
M

ls 6

6/?$4 le s u
u

X%64 ‘.7 2 lm
30 2 12

20

% ●n

&

16
17

1.2 s

4 40

.7 0 .s .1

J o ●M?. .10

●HI . .* .15
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1954 ●
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Island 9oil I ULLC

F@ure 4 shows the decllne
for island soil as well as the (

only two observations for beach
10#00.

sand at Belle. The slope for
island 90il Of -1.06 (Table 1)
corresponded closely with that
of survey meter readings.

1000.
r’=

From an initial level on =

the first day of 13 millicuries
~

per kilogram, the island soil m .

declined fairly regularly for a
\

period of two years. The dip
at 130-200 days is reflected in
the decline curves for land to. \
hermit crab but is not apparent \

in the data for green leaves of
Dlants on Belle.. i

‘t J

Figure 5 shows the decay of
m too 1000

OAVS A*TER MAT 14, 1-+

samples of island soil from Belle Fig. 4
(plate 7542) and from Edna (Plate 917°)~
and of intertidal beach sand from Henry ,
(plate 9711A). A sloPe of ’102 is ~-
cluded for comparison. ~ -\

pff

‘.

The Belle Island soil decay curve \\ cl

is for plate number 7542 which served as ~ ‘..’”o% ‘-%’%
the basis for computation of the decay ~ ..*,\%\

correction factors for converting values
back to date of collection. The same i~

factors were used for all types of
material except rats collected post-
Nectar at Eniwetok Atoll. The dashed, ,,
early portion of the curve is not a

a%Shq+as+

straight line because it was originally Fig. 5
extrapolated on semi-log paper.

For comparison, Figure 6 shows the
decay”-ofthe sample of lagoon bottom sand Ml**Sm”ldu+

dredged IVovember7, 1952 off Tilda (north-
west of Vera). This decay was used for
calculation of decay correction factors for *,
the collections following the Mllcetest in
1952(Donaldson 1953:25), and for 2O-1OOO {‘
days its similarity to the theoretical
curve of Figure 2 is striking. It =S $
practically uninfluenced by residues from ,.
previous detonations. The more pronounced
flexures in the curve for Belle island soil,
as well as its generally more gradual slopO
are the result of the influence of the Mike & m
test residues superimposed upon the Nectar

Dq*.flwm~j,ma

test effect. Fig. 6

‘u’k .- -, ----- ..... . . --- . .. .
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ISLAND SOIL
,,

, )...’,.-. - .’.’

1

.

... ,
.,,

,., “......:. .
,., ,

.,, .,

,. -4.

. .

,,

.,

$,,

.,

.-’

Figure ‘7
shows Island soil
decline slopes at
sites other than
Belle. Pre-Nectar
levels are indi-
cated by short
horizontalbars at
the left edges of
the graphs. Except
at Bruce and Elmer,
the points are
wtdely scattered
and the trends poor-
ly defined. Vari-
ations in exact
location of sample
taking, changes of
personnel,and the
use of single
samples contributed
to this variability.

Levels of
radioactivitywere
much higher at the
northern than at
the southern local-
ities.

100(

la

10

t

0.1

.
G 41

.-

;

w

10

1

,1

.01,

. ALICE

“\..*..

BRUCE

/

.
.
.

.

. .

\

.*

.
.

.
..

ELMER

.

OLIVC

\

●

.

.

.

.

.

.

WNRY

●

‘j
.0

●

.

.

.

Iw
1ss4

VCRA

“..

“\
. ....

●

.

‘\
●...

●“.

.

m

Fig. 7

Table 3 gives decay slopes o!’island soil samples from
various islatis over a time span of from one or two months to
more than two years. Slopes ranged from -0.6 to -1.3, averag-
ing -O*9* 0.02.

Since the five soil decay curves with more than two points
are fairly straight lines, 2-~oint slopes were used to ex~d
the scope of observations. The period of time covered by the
decays 1s close to that of the declines. Table 3 shows tmt
decllnes were steeper than decays exceptiat Janet
were steeper, and at Vera where decay and decline

where decays
were equal.

.)., , . . .?-..-... , . . . .

. . .,

.,
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Table 3. Island soil decay rates vlth decline rates for comparison.

LoCtLlltY plate Date of Days No. of Slope, nejzatlve

number collection after May times Decay Decllne

14, 1954, plate Plate Locality, from

range counted mean Table 1

Al+ce

11

Be;le

11

Edna
Jane t
Ol$ve

Ve~a

Br:ce

n

Elmer
Henry
Le;oy

7597
7597A
759P
7542
7543

9189
9170
7595
7593A
7593B

7591B
7591
7587
9196A
9196B

9153
9151
7599
7599A

6-;-54

n

5-~5-54

:-;9;;4
--

6-3-54
6-]-54

6-$-54

6-;1-54

6-S-54

a
tl

50-540
50-540
50-540
25-910
49-870

49-440
49-910
49-870
49-870
48-870

48-870
49-870
50-870
75-870
75-870

J++-:iw&

48~870
48-870

Table 4. Decay rates
Table 1 for

Locality Plate
number

Al+ce

Be;le

II

Jane t
Ol:ve

*I
. n

Ve;a

II
ft
II

II

Br;ce

It
n

n

Henry
Le;oy

.

9707A
9707
7541
7541A
7541B

9705
9703B
7594
7594A
7594B

7592
7592A
7592B
9701
9701A

wOmI!

7588B
9197
9197A

S1197B
9711A
9709
9709A

,--

of intertidal
comparison.

2 .85 .9 1.4
2 1.05

1.01
7: .7 1.06

:24

2 .62
5 1.2 :.;

1.27 .87
; 1.21 1:2 1.6
2 1.28

2 .60 .6 .64
.68

: .90 1.0 1.69
1.03

: 1.21

2 .78 1.47
3 .90 :: 1.44
4 .62 .6 .92
2 .57

beach sand, with decllnee from

No. ofDate of mys
collection after May times

14, 1954, plate
range counted

6-$1-54

5-;5-54

II

6-$1-54

6-;-54

w

6-;-54

6-;1-54

II

6-$-54

6-;~-54

6-;1-54

n

76;870

48-87o
47-87o
57-870

76-87o
74-870
49-540
48-540
49-540

49-540
48-54o
48-54o
76-870
75-870

75-870
49-540
48-54o
75-870
75-870

75-870
78-910
76-870
76-870

---- --.-, . —-----.

;
2
2
2

2
2

:
2

:
2
2
2

2
2
2
2
2

2

2
2

,.—- -

!noue, negative
Deoay Decllne
late Locality, from

mean Table 1

.8a

.92
1.13
1.14
1.29

.80
1.16
.96
.65
.55

;::

.70

.76
1.23

1.28
1.00
.83

2.1
2.2

2.0

M
2.0

.- ----.

.9 .84

1.2 .7

.79

.84

.9 ,60

1.5 1.36

1.7 1.88
2.2 1.39

.- $,:.

......= .. -.-,
. .
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J Beach sand

Intertidal loo

beaoh sand at Belle
USC

wa8 sampled only “ “

\

twice, at the first ‘o’ “...
and the last of the “.

~~~~~ti;h~;iti ,

.

sparse data suggest
a considerably low- .
er Inttlal level = ‘
than for ialmld i
soil, and a some-
what lower decllne -
rate of -0.7.

r

~\

Figure 8 shows ‘0 .“.
beach sand declines
for eight islands, .
and pre-?lectarlev- ‘ .
91s except at Elmer.
As with island SOil , “

there was great
variability, possibly
because of the con- ..,-
tinual shifting of Iw

the sand. The-
northern islands were
only slightly more
radioactive than the

BEAC

JUET
.

“\
.. ..

●

“.

fLucR

.

\

●

,

.

06VS %&m Ibav

SAND

OLIVC

.

\

.
..

.
.

●

/

.

.
.

. .

●

100
1ss4

Fig. 8

1
vt*a

. .
.

\

.

●

●,.

.“
I

_-J

Y
LCRO’f....
@o 1000

southern Islands, but the declines at the southern islands,
especially Henry and Leroy, tended to be steeper than at the
northern islands.

The slower decline at northern than at southern islands
is probably caused by a greater residue of radioactivityfrom
previous detonations (higher pre-Nectar levels) at northern
localities, pos$ibly associated with the water currents.

The decays for beach sand are given in Table 4, page 13.
Except ?or Henry (Fig. 5), these are based upon only two
points. Beach sand decays were appreclabl? steeper at the
southern than at the northern islands. The relationshipbe-
tween the slopes of declines and decays was inconsistent. At
Henry decline slightly exceeded decay. At Leroy decays were
steeper than declines, and at other localitiesdifferences
were negligible. In general, decays were steeper than
declines, although not convincingly so.

r
!

,.
,,. .

L., .,,‘,

#. ..-, .--, .7 . . . . .x-l-- ------- .,
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gea water

Sea water samplingwas most extensive at
showS. Data from plankton stations at Belle,
ocean reef are presented seprately, while at
all of the dam for an island are combined.

Belle as Table 5
lagoon reef, and
other localities

lh~ Date
All@. EdM Flora Jmaot O1lTO V- Bruoo ps: Wide nary m

amkton kgo~ *.M Orator rum .

●tatioo r~of roof

1 5/;:/54 2500
2 590

3 17 2cm

4 1s 12:(1
26.OQO 3400

ls.000

21 540
; 92 2s00

12 170

14 :: 139

24 7 137
170 320 610

26 9 2’73 64

28 11 72

33
129(4

36 19 320
21 21 27 S6 67 66

S6 21
67

42 64
4e 7+ 20
50 350(4

6 97
62 7.2 46 60

56 e es
60 :; 80(8

68 46
27 24 2s 8.4 16 36

76 40
63 8%s4 3.7

116 9/7/64 14
1:0 10/;/54 18

16 t?o 1s 16

17
66 26 .

ye 11/2/64 7.6(1
6 3.1 3.6 s.4 2.6 9.s

167 17 2.5 1.1 2.s 1.4 3.1 3.1 a.o

3.7
1.s 1.7 S.s

217 17 2.0 10 . 6 2 6 4s[4 2 0

[
5.0 1 .41(1 2.6(1 “ 10 1:2 :64(s 1:8

1.1 1 .67(1 .67(1 2.6 2.s(1 :%% ‘:g 13:

.C@l
.075 .052 .04s .U .~

Additional dat.st 6/21/S4, Ywnne, S1, and l?lmor, 40; 7/14/64, Oai#y, 66(8.

.-
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Figure 9 shows the declines for sea water at 12 localities.

Variability was moderate except for the low values of early
points for the ocean reef at Belle. The slopes were steeper
than for meter readings, 9011, or beach sand at most localities.

At Belle, oml,tttig the early ocean reef collections, the slopes

-t

\ .
.

I

!-b-+--
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were as steep as at Leroy, in contrast to the declines for sea
cucumbers, beach sand, and algae, which were much steeper at
Leroy.

Figure 10 is a scatter diagram
m- -

of the sea water decline data of
Table 5. The “Belle, outer” re- 1000.
gresslon line is the same as that
Of Figure 9, Belle Ocean reef-
The regression for all data combined

.
100- ●.

is shoyn as well as the steepest
line for all data other than that of {Belle, outer. The data for the sea ~10-
water sampling at Enlwetok Atoll
exclusive of Belle ocean reef give a
decline slope of about -2.2. I- .:

...
Fig. 10 0,,
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The decays for sea water are 8iVen in Table 6 and Figure
11* Couting errors were large because of the low levels of

#
nearly all of the ~ter counts. The contributionto the

radioactivityby was compensated for by subtracting 1
from each count per minute per 5 milliliter plate. One count

per minute per plate was equivalent to 3 d/m/plate~ because
the correction factor for geometry, back 9@tter, and self
absorptionwas approxtitely 3.

Decay rates Of sea -ter -mle8 Colleoted ●t Eniwotok
%::: :: May, June,-d July 1954, with correnpondlng deollne

rate. from Table 1 for comparison. Data for Fig. 11.

Curre plate Loaality Tbe #pan in ~lone. netzatlvq

nmber FNmbers da 8 after
A

Deea~ Deoline,
5 4/64 0s from
deoa~~iope Table1

7567-66 Be~le, oo:an a:de ss-f330
: mm::: 33-630
s a p&kki:ation 55-910

4 W&-E& “ S9-630
5 n lagoon aide 100-600

6 979S-94 Wide passage mO-3oo
7 7673 Le~y pla#cton 8$. S5-%40
B 916Z 49-940
9 9795-96 “

a w 10(k300

The data of Table 6 for the
9 sea water decays are graphed in
Figure 11. With the exception of
Belle ocean side (curves 1, 2,

)and 4 where decline was unusually
gradual because of low early
values, declines were steeper than
decay9.

The decay curves tend to
levii terminally, even after sub-
t action of the activity due to
T~ o*

-..,--- ---- ..—-... .-

1.3 1.28
1.5 1*2B
1.3 ::g
1.s
1.0 2.91

1.2 2.40
1.6 2.41
1.5 8.41
1.4 2.41

. .. . . ~.. . ..-.
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Plankton

Amounts of radioactivity per unit
ton in samples from each tow appear in
basis of ash weight, in Table 8. This
tended to evaluate the appropriateness

of wet weight of plank-
Table 7, and on the
dual analysis is in-
Of the wet basis as

compared to the ash basis in consideringthe radioactivityof
plankton. Where simultaneousfine and coarse mesh tows

Tablo 7. Oross beta mdioaati?ltyOf Phliktoo SUP16S in thousu!ds o: d/m/g Of mot woi@t
●t Rdwotok Atoll in 1254-66.

Khte Belle lMika crater lVors IDaeP Entrmce Wido Passage
h

1
j#20 #6

1S.6 8.2 8.3
k170 .2800 5000
670 1360 900 400 220 660 R

126
3.1 15 lB.Q 3a 41 42 .56 49

2
6:0

1 12 113
64 19:

33
62

9.1 19. 33 63
1.:

39 3
32 4. 7.6 77 12 1 %:

11/6/54 4d 150
..

lCQ 260 2S6 216 0.7 6.3 29
n/26/54 121

a“”
5.e 6.1

60 &
11/27/54 38

=: 2 53 E
30 6.d 5.8 d 1.01 11.4

24 67
6.2

lu 2..9
4.’2

.
2.: . :52

.27 .37

3:.
a

::.
e

10/29/S5 23 .
3:4

.47
p::

.091
.32 .22
.11
.41

4/27/66 .M4 063

Additional “? ~ah-: ~ S/64 54, Jmmt 9.6, YToauo 1.8, Bruao 2.0, Elur 2.5, and Henry 3.4;
/m 4/27 56, Bruoo 0.73 U@ 0.4’2.

,.,

Tablo 8. Gross beta radioactivity of plankton SUIIP1OSin thousanda of d/!q/gof aah weight

●t Eniwetok Atoll in 1954-56.

-.

,,
Date Belle

b-%--l-

,,”
-,.4

‘,.~. -
-j. .’” -
. .,.. ,. ‘“

,’
.
s,. .-r,

# . ,..-.

Mike crater

#-o

z)89 07000
M 6eoo

7 I&
3410

5f?6 1250

II

AdditioaU a? mosha: m 5/6-8 34, J~et 58, Yvonno 59, Bruoe 76, EIMr 72, and Henry 26;
/on 4/27 56. Bruce 1.S6.
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permitted comparison, the data are shown separately,and other
data appear in columns headed with questton marks for mesh,
usually either NOO 6 of 74/inch or No. 20 of 173/inch.

Table 9 shows for the paired tows the ratio of the activ-
ity per unit weight in ooarse mesh to that in fine (No.6/N&20,
on both a wet and ash weight basis.

TsEla 9. Ratio Of r41di-0tiWit7iil t4wBWithC061W0 mmh tO finO =Oh

Auks ~m wide

@t, Boll 0 Cstbr vex ~eo ?mBu* mrYo

1*4 *t Ash ~~Wot *t Ash Wt Asg Wot Aeh

5h9 .s4 1.41 .33 .55 .n 2.00

6/9 .27 .~ .49 1.23 2.25 2.39 1.76 3.95

Tb .95 .% .21 .25 .49 .67 .9a 1.11 1.14 .a6

9A 1.39 1.18 3.62 3.67 .59 .70 1.61 1.77 12. O 6.21

lo/lk2 .36 .47 .034 .76 .55 .8o 6.41 2.92 6.8 1.43

11/6 .31 1.56 .41 .71 1.09 .89 1.38 1.65 1.M 1.32

11/26 .74 .09 .93 1.39

12/26 .33 .61

11/27 .85 .62 1.26 2.20

11/27 1.82 !.21 .95 1.5?

12/3 .42 .60 1.13 1.6a .83 ,44 1.s5 1.97

12/17 .18 .90 .36 1.11 1.32 1.69 7.5o 6.% .21 1.01

Between the northern localities of Belle Island and the
Mike crater and the southern localities of Wide Passage and
Leroy Island, there was a difference using the t test,
significantat the 2$ level on the ash basis. The reason 1s
not apparent for this association of high counts with fine
mesh nets at northern, and with coarse at the southern 8nd
western localities.

Whereas, in 1952 (WT-616) significantlyhigher radioac-
tivity occurred in fine mesh net hauls than in coarse, the
present data show wide variation. On the wet basis the coarse

mesh was higher h 18 palrg and the fine mesh in 25 P-S,
while on the ash basis the figures were reversed, the COar$e
mesh was higher h 25 pairs and the ffne mesh in 18 pairs.

Thus, neither wet nor agh bagis ghowed a sl~lf’icant differ-
ence due to mesh size.

.-- .1.-. ----- -, . . . . . . . . . . . . . . ..7 .. T._. —.— ,-. - . . . . . .,
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Assuming, as these results lndlcate, that activities in
coarse and fine meshes do not differ, the ratio of coarse to
fine should be unity. The ratios In Table 9 were used to
determine variability on the wet as opposed to the ash basis.
On the ash basis, variance was only half as great as on the
wet basis, thus, ash is considered the better basis. Con-

(with peak toward the
arrays of ratios.

version to logarithms was necessary to normalize the skewed
left) frequency distribution of the two

Figure 12 shows
the decline for
plankton samples at

v 6 localities on a
wet weight basis
using the data of

,,. Table 7, with the,!~’
two values for paired

,,,“.* - tows averaged.,.,’...,,,‘,,’4 ,.
Except at the

Mike crater and Vera
the decllnes were
steep, ranging from
-1.8 to -2.61 as seen
from Table 1, with an
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average for all locall- g

\

ties combined of -1.96, Z 100-*
wet basis, and -1.74 on g
the ash basis. The .
gradual decline (-1.0) 2 IO - .

at the Mike crater could ●

be the result of continu- -
ous leaching of radioiso- 1-
topes, from the crater ..
into the water, thereby ,
maintaining the activity 0’-
of the plankton. At 4 IIJ 100 1(

Vera the trend is too OAY!

poorly defined (P7 10~)
to permit comparisons.
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