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prepares, handles or distributes, or provides access to, any information pursuant to his

employment or contract with the Commission.    
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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 detonations,
up to but not including 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 studied 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 4& 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 OTHER ORGANISMS

AT ENIWETOK ATOLL DURING 1954-55

Introduction

Levels of radioactivity in living forms have been de-
termined at almost all of the Pacific Proving Ground tests,
both immediately before and shortly after the detonations, as
well as at occasional relatively great intervals of & year or
more later (UWFL-33, 42, and 43)

The present study traces the trends in the beta radio-
activity of invertebrates by means of repeated observations
from shortly before the Nectar detonation (May 14, 1954) for a
period of nearly two years. For comparison with the inverte-
brates similar observations on other substances and organisms
are included, using 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 in algae and land
plants. Held (1957) studied the trends of radioactivity in
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 Island.
Lowman, Palumbo, and South 11957) reported the identity of the
radioactive non-fission products remaining in certain samples
collected itn 1954-55 and in 1956 as determined 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 radioactivity in 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 radioisotopic analysis by gamma-
ray spectrometry.



A comparison of the rate at which levels of activity in
organisms of the same species change with the passage of time,
herein termed decline, with the rate of physical decay, should
indicate changes in avallability of the radioactivity to the
orgenism concerned. If decline 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 increase in availability in the
environment or an accumulation or concentration of radio-
activity by the organism. Equality of decay and decline suggests
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

Radioactivity of common substances and organisms at Eniwe-

tok Atoll was evaluated in two ways, first by concentrated study

involving many organisms collected frequently at one island,

Belle, and second, by less intensive study at several islands
around the atoll in order to elucidate the geographical distri-

bution of the activity.

Belle Island (Fig. 1) was the
major collecting and observation cana (Sanitdefonse)
site, except for rats, for which as,
it was Janet Island. Collections EENikaS80

were made on April 15, 1954 at bette Cogembogy56.
Belle before the Nectar test, oFalts, aiseip
almost daily for the week after, a toreensies:
and at increasing intervals later. ° oe
The second aspect of the study,
at several islands, involved pre-
Nectar collections in April and a
May, and nine to ten post-Nectar > .
collections, usually expedited “yrteroy (Rigiti) taniyaantS’
by helicopter, at intervals in-
creasing from one to nine months, _ EF neuneat mites
at which time six islands, Henry, Os, kil
Leroy, Alice, Olive, Vera, and oe weney tated af
Bruce were visited. The remain- eo we
ing two islands, Janet and Elmer, ~
were sampled at approximately
the same times in connection with
other studies. Fig. 1. Map of Eniwetok

Atoll
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survey meter readings were taken frequently at Belle, but m
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 spots 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, intertidal beach 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 knots per hour using two 1/2-meter nets, fine (No.20 of 173
mesh/inch) and coarse (No.6 of 74 mesh/inch) towed simultane 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 Lambis, the land hermit
crab Coenobita, the black sea cucumber Holothuria atra, and the
branching corals Acropora, Porites, Pocillopora, and Heliopora.
Fish, and aquatic invertebrates were usually collected along the
north or ocean side, algae on the lagoon and ocean sides, land
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. Five-
milliliter samples of sea water were dried on 1 1/@-inch stain-
less steel plates and ashed, except that in 1956, 100-milliliter
samples were used because of the low level of the activity.
These 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. Radiocesitum is 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 1/2-inch counting plates, drying, and ashing.
From occasional poor tows the wet sample weight was as low as
O.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 suffictently
plentiful, 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 sampled on 2 wet

pu ck :
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weight basis than soft tissues.

Weighed samples of tissues in pliofillm bags were dried

overnight at 100° C and sent to the Applied Fisheries Labor-

atory in Seattle for processing,which was usually accomplished

about &@ month after collecting.

In processing, the samples in pliofilm bags were applied

to the plates(1 1/2-inch stainless steel, previously weighed),

ashed overnight at 500° - 5509 C, slurried with alcohol, and
Gried. 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 methane gas-flow counters.

Except in the case of rats, counts were corrected back to

date of collection using 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
soil collected June 7, 1954 at Edna, the decay curve of which
(plate 9170) appears in Figure 5, page 11. Within seven months
after Nectar an increase in average energy necessitated 4 re-
duction in the self-absorption correction factor for the later

The following tabulation illustrates these changes.

 
 

counting.

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

3 1.0 1.0
10 1.1 1.1
30 1.4 1.3

100 2.0 1.6
300 2.9 1.9

1000 4, 2.

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 factors 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 picrocuries per kilogram (uc/kg), assum-
ing 1 uc to equal 2.2 x 10° d/m.

7 MY
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The Nectar test (May 14, 1954) was used as the date of
origin except where otherwise indicated, but earlier shots also
contributed radioactivity to the samples studied. Especially
the Bikini (March 1, 1954) shot contributed greatly to some of
the samples. Residual long-lived products 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 time are of two kinds,
the physical decay of individual samples, 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 decline.

Results are shown as graphs of the relationship of logar-
ithm of radioactivity to 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 is
changed according to the date of origin selected, but if the
same origin is used for both decay and decline, the two may be
compared.

Hunter and Ballou (1951) show on logarithmic plot the
theoretical decay of mixed slow-neutron-
initiated fission products of U-235
over & period from 1 to 1000 days as a
slightly curving line with a predomi-
nantly downward curvature (concave reef " ]
below) and a general slope varying
from -1.0 to -1.7, averaging -1.2 (Fig. 2).
A similar presentation of the trends of
radioactivity observed in the present
study facilitates comparison with this
curve and within the study itself.
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In log-log graphs it will be con-
venient to speak of slopes or rates of
decline and decay as becoming more or m ots NL
less steep with the passage of time, and Denys «fier vternavtron Reston af
when the terms steepening or leveling are

Fig. 2
4a +    

applied to the trends, the log-log Fig. 2. Mixed fission
relationship is implied. A single product decay, gross
half life when plotted semiloga- beta. (After Hunter
rithmically gives a straight line, -and Ballou).
while on the same plot a mixture of
half lives results in @ line of
increasing steepness.

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

Plan of presentation

For each of the ten primary 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-Nectar 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 10° d/m.

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

Y= at?

where Y is the amount of radioactivity at time t in days after
assumed detonation day, and a is 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, involved observa-
tions on 16 days over the period 5-540 days after Nectar. The
regression was -

Y= 2.5 x 103 t7l-)4 opr,
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 sare 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 aetonation in 1954 at Eniwetok Atoll.

Sub ject Locality Detonation Time span Units of Day #1 in- Log-log n, Corre- P in
date to involved, radio- tercept of decline daysilation &%
which days after activity regression rate, son coeff.
referred detonation negative Pledr, neg

Survey meter, shield closed, 1" Belle 5/14/54 1-311 or/hr 5.6 x 10% 1.06 19.988 8641
Survey meter, shield open, 1” Belle 5/14/54 5-540 or/hr 2.5 x 108 1.14 16 .971 «1
Island soil, top inch Alice " 22-270 po/kg dry2.8 x 107 1.59 8 .866 <i

tt " ” i " - " " e 3 . 7
" tt " " setae " oe-70 " " a7 . 102 et 10 508 ‘ 6
tt 1 " iT Clive " 22-270 " " 6.0 x 10° 1.60 8 .762 4

" no oom oe Vera " 22-270 " "4,1 x 102  .64 9 .610 7
" " n " Bruce " 22-270 " pix 10° 1.69 8 .985 1
” tr “ 1" Elmer 1" 22-710 fn " 24x 102 1.47 5 .982 €<l1
" n Hoon ” Henry " 22-710 "  " @.8x 10° 1.44 10.815 <1
" " noon Leroy " 22-540 " " 3,7x 10! .92 9  .643 7

Beach sand, intertidal Alice " 22-270 "  " 39x 10% a4 8 .816 2
" 1t tt Janet " 22-710 " * 1.62 102 79 10) 6594 8
" " " Olive " 22-270 " 0x10 84 8 .617 >»10
" " " Vera " 22-710 " om B82 x10) .60 9.717 4
" tr t Bruce i 22-270 "  " gio x 10° 1.36 B .842 41
" " " Elmer " 22-710 "  " 3.7 x 10% 1.23 5 .838 8
" " i" Henry " 22-710 " oo" gla x 105 1.aa 10.8900 4a
" " " Leroy i, 22-540 " " Tiex 103 1.39 9 .915 <1

Sea water Alice " 38-220 d/min/ml 6.6 x 10° 1.57 3.976 »10
" " , ocean side Belle " 1-720 " 3.4 x 102 1.28 19.8720 1

lagoon reef " " 42-540 " 8.5 x 10 2.91 10 .944 “1
” " plankton station " " 5-310 " 7.7 x 102 2.30 10 «4985 «1
" " Edna " 50-270 " 2.4 x 10% 1.86 3 .947 >5
" " Flora " 5-26 " 5.4 x lof 1.8 2 a. -

anet ’ 38-710 1.8 x 107 1.90 6 .913 i
tt u Oli " - u 3

nn vera. " 26-720 " Big e108 gies lL lesa eet" " ” ' vx 5 . °" " Bruce 38-720 1.9 x 10° 2,14 5 ,.998 a
Deep Entr.  " 33-720 " 1.2.x 10° 2.13 9 .896 <1

" " Wide Pass. ” 26-310 " 7.8 x 10° 2.40 @ .965 «1
"oom Henry " 58-270 " 2.2 x 105 1.66 4 .951 5

eroy - ' 8.6 x 10 2.41 12 .986 «<1
" " except Belle ocean All above " 5-720 " 3.0 x 10° 2.24 91 .935 <el

All " 1-720 " 3.9 x 10) 1.76 110.991 ¢é1
Plankton Belle . 5-530 d/m/g wet 4.0 x 106 1.85 12 .955 tél" " "ash 1.8.x 102 1.52 12.965 «cl

i, Mike crater i, 5-200 " wet 5.0 x 10, 1.15 3 .998 4
" " 1 "ash 3.2 x 10° 1,00 3 .975 310" Vera " 26-530 " wet 3.1 x 108 1,04 10 =.515 >10

" ash 8.8 x 10% 1.09 10 .608 7
uw Ww tt" Deep Entr. 33-710 " wet 7.9 x 108 2.15 13.761 cl" " ash 6.2 x 10° 1,93 13.748 <1

Wide Pass. " 26-310 ret 3-4 x 197 2.61 10 6840 41
as 42 2.37 10) «£871 q1" Leroy " 5-530 " wet 5.2 x 10" 2,23 12. .947 <42

L te re" ash 2.6 x 108 1.90 2 6943 C1" All six " 5-710 " set 2.8 x Loe 1.96 60 .833 <<1
as s .

Halimeda (calcareous algae) Alice " 20-270 uc/kg wet 2.1 x 104 2 oe ° "963 “aTF Belle " 20-710 " " 4 :5.5 x 10% 2.13 9 .965 1" Janet " 20-710 " * §.9x% 10° 1.69 9 .947 “1" Olive " 20-270 " " 5.4X 10% 1.76 8 .970 <1" Vora " 20-710 " " 3.2 x 10% 2.06 9 .984 <1" Bruce . 20-2 " " 2.0 x 10? 2.50 3 .982 >5" : -530 3.2 x lot 2.28 7 .927 42
enry ' 20-530 " "" Leroy " 20-530 » » TIX 108 elon 9 loo Sea” . 2. -979 61Land planta, green leaves Belle 3-710 d/m/g wet 7.6 x 108 1.63 lla" . . -883 eelAcropora (coral, tips) Belle 36-710 " 2.7 x 108 2,23 ll .976 ¢1om Tridsena), kidney Belle | 1-710 " " 9.4 2x 10° 71 29 .950 Ca

m i. viseort mass : ‘ 1-720 " 7 2.0% 10° 1.07 29 .866 qel" " gill " " -710 " " 5.6 x LOR  .96 29 .963 ¢el. is " 1-710 3.3 x 10 -99 25 .e99 1| mantle 1-710 " " 2.0

x

10° “e" muscle " " 1-9 . ” OX oF 94 29 .961 «cl
-710 7.3 x 10 .90 29 .967) ki
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Rat, fur and skin

muscle
bone
lung
liver
kidney

gut

 

 

all

Locality Detonation Time span Units of Day #1 1
tercept
regressior. rate,

liver

gut
mantle
muscle
shell "

carapace "
muscle
liver "
gut
gill "

gonad Alice
gut

muscle
integumen
gonad Belle
gut it)

muscle "
integument "
gonad Janet
gut tt

muscle
integument "
gonad Olive
gut
muscle

id

integument "
gonad Vera
gut "W

muscle
integument "

t

gonad
gut
muscle
integument "
gonad Elmer

gut t

muscle "
integument "
gonad Henry

gut '
muscle
integument "
gonad Leroy
gut
muscle

Bruce
lid

tt

integument "
skin Belle
gut
muscle

bone

liver
feathers Belle
muscle "
bone "
lung

liver
kidney "
gut
tissues

"

Janet

petaSateNaaaaa ae ee

- 9-

date to
which

referred

involved,

detonation

8-540
8-310
B=310
8-549
8-310

5-710
3-710
35-540
3-305
3-305
39-710

t

"

36-540

125-710

"

me

13-3511
13-311
13-710
13-540

13-710
14-305

tt

121-380

77-600
v

77-380
77-600

"

77~3580

radio-
days after activity
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Survey meter readings

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

Figure 3 shows the series of
readings at Belle with meter one
inch from the ground, the shield
both open and closed. Slopes of
the two regression lines, -1.14
and -1.06 (Table 1) do not differ
significantly. The slope is
approximately that of mixed
fission product decay, assuming
there was a slight leveling
influence due to detonations prior
to 1954.

Table 2.

 —
BELLE SURVEY METER

READINGS

   

 

© 10
AVS AFTER MAY 14, 1954

Fig. 3

Survey meter readings in milliroentgens per hour
at one inch from the ground on various islanda of Eniwetok
Atoll in 1954-65,
Geiger counter.
for which, shield closed.

Date Alice Belle

5/15/54 378
16 200
18 130
19 800
22 85 270
26 220

6/1/54 30 680
2 30 80
3 29 90
4 27 70
7 22 70 60 600
10 20 60
11 19 50
1a 18 35
22 40 12 & 400

7/1/54 10
14 13
18 6
20 18 ll

8/6/s4 5
1? 11 180

0/7/64 2
7/64 7

2 le

Values above 20, with Junc, others with
Shield open except at Belle, first colwm,

Daisy Edna Janet Olive Vera Henry Leroy

20

14

«10
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Island
Figure 4 shows the decline

for island soil as well as the

only two observations for beach
sand at Belle. The slope for

island soil of -1.06 (Table 1)
corresponded closely with that

of survey meter readings.

From an initial level on
the first day of 13 millicuries
per kilogram, the island soil
declined fairly regularly for a
period of two years. The dip
at 130-200 days is reflected in
the decline curves for land
hermit crab but is not appsrent
in the data for green leaves of
plants on Belle.  

 

BELLE

  
Figure 5 shows the decay of

samples of island soil from Belle
(plate 7542) and from Edna (plate 9170),
and of intertidal beach sand from Henry

te 100
OAYS AFTER may 14, 1954

Fig. 4

 

(plate 9711A). A slope of -1.2 is in-
cluded for comparison.

The Belle island soil decay curve
is for plate number 7542 which served as
the basis for computation of the decay
correction factors for converting values
back to date of collection. The same
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
straight line because it was originally
extrapolated on semi-log paper.
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For comparison, Figure 6 shows the

decay of the sample of lagoon bottom sand.
dredged November 7, 1952 off Tilda (north-
west of Vera). This decay was used for
calculation of decay correction factors for
the collections following the Mike test in
1952(Donaldson 1953:25), and for 20-1000
days its similarity to the theoretical
curve of Figure 2 is striking. It was
practically uninfluenced by residues from
previous detonations. The more pronounced
flexures in the curve for Belle island soil,
&3 well as its generally more gradual slope
are the result of the influence of the Mike
test residues Superimposed upon the Nectar
test effect.

 

   
Soll decay
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Figure 7 1000 ISLAND SOIL

shows island soil . ALICE JANET OLIVE VERA

decline slopes at
sites other than 10of
Belle. Pre-Nectar
levels are indi-
cated by short 0
horizontal bars at
the left edges of
the graphs. Except
at Bruce and Elmer,
the points are :
widely scattered op | 1
and the trends poor-
ly defined. Vari- ~
ations in exact 3
location of sample 2
taking, changes of * |
personnel, and the 100 tt
use of single
samples contributed
to this variability. »

 

   

 
 

 

BRUCE ELMER HENRY LEROY

Levels of .
radioactivity were ‘fr \ 1 {
much higher at the - .
northern than at a
the southern local- = {
ities.

       
  01 100 16 100 1000100 10

DAYS AFTER mAY 14, 1954

Fig. 7

Table 3 gives decay slopes of island soil samples from
various islands 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 -0.9 f 0.02.

since the five soil decay curves with more than two points
are fairly straight lines, 2-point slopes were used to expand
the scope of observations. The period of time covered by the
decays is close to that of the declines. Table 3 shows that
declines were steeper than decays except at Janet where decays
were steeper, and at Vera where decay and decline were equal.

myOF AtC Hi1VES
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Island soil decay rates with decline rates for comparison.

 

Table 3.

Locality Plate Date of Days No. of Slope, negative
number collection after May times Decay Decline

14, 1954, plate Plate Locality, from
range counted mean Table 1

Alice 7597 6-3-54 50-540 2 85 9 1.4
" T597A " 50-540 2 1.05
" 7597B " 50-540 2 1.02

Belle 7542 5-15-54 25-910 70 -7 -7 1.06
" 7543 " 49-870 4 64

" 9189 6-19-54 49-440 2 62
Edna 9170 6-7-54 49-910 5 1.2 1.2
Janet 7595 6-3-54 49-870 2 1.27 1.3 87
Olive 75934 6-3-54 49-870 2 1.21 1.2 1.

" 7593B " 48-870 2 1.28

Vera 7591B 6-3-54 48-870 2 -60 6 64
" 7591 " 49-870 2 .

Bruce 7587 " 50-870 2 90 1.0 1.69
" 9196A 6-21-54 75-870 2 1.03
" 9196B " 75-870 2 1.21

Henry 9151 " 49-870 3 -90 9 1.44
Leroy 7599 " 48-870 4 .62 6 92

" 75994 " 48-870 2 -5T

 Table 4. Decay rates of intertidal beach sénd, with declines from
Table 1 for comparison.

 
 

 

Locality Plate Date of Days No. of S1
number collection after May tines Ree menetive Decline14, 1954, plate Plate Locality, from

range counted mean Table 1

Alice OTO7TA 6-21-54 6-870

elle 1 5-15-54 48-870 2 :i 754A " 47-870 2 ik *02 a7542B 57-870 2 1.29

Janet 9705 6-21-54 76-870
Olive 9703B " 7h80 ° 192 3 Ge" 7594

=

6-3-54 49-50 2 600" 7594A " 48-540 2 65
7594B " 49-540 2 255

Vera 7592 6-3-54 49-540 2
i" 7592A 7 48-240 2 fo 3 “604 7592B " 48-540 2 «70
" 9701 6-21-54 76-870 2 76

97O1A " 75-870 2 1.23
Ty

9701B " 75-870 2 1Bruce 7588 6-3-54 49-540 2 1738 1.5 1.36" 75888 48-540 2 .83 " ", 9197 6-21-54 75-870 2 2.1
919O7A 75-870 2 2.2

"

9197B " 75-870 2Leroy grits 6-21-54 73-910 5 17 1.7 1.88r -870 2 : . :97094 " 76-870 2 B'6 2-2 1.39

apounve
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Beach sand

BEACH SAND

ALICE JANET OLIVE VERA
.

  Intertidal r00
beach sand at Belle
was sampled only
twice, at the first "
and the last of the
experimental period
(Fig. 4). These |
sparse data suggest
& considerably low-

 

 
  

 

er initial level 3 if -
than for island :
soil, and a some- ; . .
what lower decline ™ sruce ciwen nENry Lenoy
rate of -0.7.

Figure 8 shows
beach sand declines
for eight islands,
and pre-Nectar lev- :
els except at Elmer. .
As with island soil .
there was great |
variability, possibly
because of the con-_,, , _ , : _
tinual shifting of 0 "0 o  opars ‘AprEeR may \", ise? 0 00 mee

the sand. The
northern islands were Fig. 8
only slightly more
radioactive than the
southern islands, but the declines at the southern islands,
especially Henry and Leroy, tended to be steeper than at the
northern islands.

ok.
*

 

    

 

      
The slower decline at northern than at southern islands

is probably caused by 4 greater residue of radioactivity from
previous detonations (higher pre-Nectar levels) at northern
localities, possibly associated with the water currents.

The decays for beach sand are given in Table 4, page 13.
Except for Henry (Fig. 5), these are based upon only two
points. Beach sand decays were appreciably steeper at the
southern than at the northern islands. The relationship be-
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 localities differences
were negligible. In general, decays were steeper than
declines, although not convincingly so.

4 yy be,» AT”cy
wT *



 

op ekVisaileSRECyopeRee 8 Seereda a

Poa;
Boo date dtfeetete

|
*

PIS cauds~

-15-

Sea watervesWee

Sea water sampling was most extensive at Belle as Table 5

ghows. Data from plankton stations at Belle, lagoon reef, and

ocean reef are presented separately, while at other localities

all of the data for an island are combined.

fable 5. Hadiosctivity of sea water samples expressed as disintegrations per minute per milliliter

(d/a/ml). The value indloates two samples except where the number of samples follows the parenthesis.

 

Day Date Alice Edna Flora Janet Olive Vera Bruce Deep Wide Henry Leroy
Fitts Lagoon Ocean orater Entr. Pass.
station reef reef

LeRoy

 

 

 

 

 

 

 

 

 

  

1 5/15/54 2500
2 18 590
3.06417 200
4 18 123(1
5 lo 26,000 117 3400 15,000
7 21 $40

. a 22 2800
. £t 12 26 170

. 14 28 139
18 6/1/54 430
“gl 4 oS
24 7 137
26 9 273 170 a 520 §10
26 11 72
a5 16 129(4
360s 320 °

: sa 21 22 21 27 8636 67 57 66
190 . 42 25 54

00 f 40 7/1/54 20
50 3 350(4

: “ss 6 oF “6s 7.2 46 60
55 a 93

; 60 13 90(8
62 15 46
74 27 24 22 §.4 18 36
76. +29 40
as 9/5/54 3.7

, 116 9/7/54 14
he 140 10/1/54 18 16 20 18 16

144 § 1?
“165 26 ZL
172 11/2/54 7.6(1
176 6 3.1 3.6 3.4 2.8 2.8
187 8«617 2.5 1.1 2.8 1.4 3.1 3.1: 2.0

is 203 12/3/54 3,7 1.3 1.7 3.3
. 217 #19 2.0 1.6 206 2.6 450 2.0 #8. #375 1.7 1.34
°Oom 274 2/12/55 §-0f2 42(1 2.6(1 10 1.2 .64(3 1.8 .50(1 .69(1 3.6 -80(5
l 311 3/21/55 1.141 .87(1  .57(1 2.6 2.8(1 =.56(1 .80(1 281(1

636 11/1/55 021
713 4/26/56 2075 062 043 12 O72

Additional data: 6/21/54, Yvonne, 31, and Elmer, 40; 7/14/54, Deiay, 95(6.
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Paes g! 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, soil, or beach sand at most localities.
At Belle, omitting the early ocean reef collections, the slopes
 

   SELLE 7 net oT ive |

PLANKTON
STATIONS

aor ALICE T SELLE ocean reer TT BELLE Lagoon
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t ee b oer tr
Daye Ofer May 14, 1966 Cape efter tiny 14, O84 Gaye efter may 14, 1004

Fig. 9

& es
faye efor Moy 4, 1954 Qays efter  were as steep as at Leroy, in contrast to the declines for sea

cucumbers, beach sand, and algae, which were much steeper at
Leroy.
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Pigure 10 is a scatter diagram
of the sea water decline data of
Table 5. The “Belle, outer" re-
gression line is the same as that
of Pigure 9, Belle ocean reef.
The regression for ali data combined

 

 

Som is shown as well as the steepest .
Ctr line for all data other than that of z K\
fieTa Belle, outer. The data for the sea ed \’ 4
some water sampling at Eniwetok Atoll *
(eee exclusive of Belle ocean reef give a
at: decline slope of about -2.2. te TAN] deo. 435

.
. *° \ se

Fig. 10 || \ 
  tae atty 0,1880
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he decays for sea water are given in Table 6 and Figure

11. Counting errors were large because of the low levels of

nearly 211 of the Jater counts. The contribution to the

radioactivity by was compensated for by subtracting l

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 scatter, and self

absorption was approximately 3.

Table 6. Decay rates of sea water samples collected at Fniwetok
Atoll in May, June,and July 1954, with corresponding decline
rates from Table 1 for comparison. Data for Fig. 11.

Time span in Slope, negativeCurve Pilate Locality
days after Decay Decline,number numbers
5/14/54, of from
decay slope Table 1

1 7567-68 Belle, ocean side 33-630 1.3 1.28
2 7569-70 " " " 335-630 1.5 1.28
3 7575-76 j.“ plankton station 55-910 1.5 2.50
4 7685-386 “ ocean side 59-6350 1.5 1.28
5 9805-04 " lagoon side 100-500 1.0 2,91
6 9793-94 Wide Passage 100-300 1-2 2.40
7 7572 Leroy plankton sta. 55-940 1.5 2.41
8 916i " " " 49-040 1.5 2.41
9 9795-96 * " " 100-300 1.4 2.41

The data of Table 6 for the
9 sea water decays are graphed in 1000
Figure ll. With the exception of
Belle, ocean side (curves l, 2,
and 45 where decline was unusually
gradual because of low early
values, declines were steeper than
decays.
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The decay curves tend to
level terminally, even after sub- oF
traction of the activity due to
KU,   

 



Plankton
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Amounts of radioactivity per unit of wet weight of plank-
ton in samples from each tow appear in Table 7, and on the
basis of ash weight, in Table 8. This dual analysis is in-
tended to evaluate the appropriateness of the wet basis as
compared to the ash basis in considerin
plankton.

g the radioactivity of
Where simultaneous fine and coarse mesh tows

Table 7. Gross beta radioactivity of plankton samples in thousands of d/a/g of wat weight

at Eniwetok Atoll in 1954-56.

 

 
 

 

 

 

 
 

 

                    
 

 

   

  
  

                     
 

Date Belle Mike crater |Vere Deep Entrance jWide Passage Leroy
Net moa Not et

#6 ? #20 |#6 | #eolve |? #20 [#6 #20 #6 ? #20 #6) 2? #20

5/6&7/54 12.8 13. 8.2 2.35
5/19/54 |10900 12900 $170 2800 5000 5500
6/9/54 aol 2990 670 1360; 900 400 220 669 370
6/16/54 85
7/6/54 274 287 5.] 15 18, 38 42 42 564 49
7/27/54 ae 3.2 23 13

a 6.0 54 190 62
o/uiss 58 33 9.1 19-5 33 63 39 3d 2.5
10 /54 1 33 1. 32 4. 7.6; 77 12 1 2.5
11/6/54 46 150 103 250 256 215 8.7 6,5 2 a
11/26/54 121 163 5. Gel

60 180
11/27/54 61 72 38 30

220 121 53 56
12.7 30 6. 5,8 : 1,02 (12. 6.2

rT 13.4 Tos a4 67 Se ol 2.8 8. 10.8
2/12/55 3. 4.49 2.3 34 252
3/16/55 2% 34
3/21/55 7.0 7.6 12.6

_10 32 25
10/23/55 253 25a 47 2097

3.4 22 232 222
“il
4io

4/27/56 .US4 1.083

Additional "f mesh": on 5/6-8/54, Janet 9.6, Yvonne 1.8, Bruce 2.0, Elmer 2.5, and Henry 3.4;
on 4/27/56, Bruce 0.73 and 0.49.

Table &. Gross beta radioactivity of plankton samples in thousands of d/m/g of ash weight

at Eniwetok Atoll in 1954-56.

Date Belle Mike crater Vera Deep Entrance Wide Passage |Leroy
Net mesh | mea

#6 ? #20| #6 |? #20 #6 7 #20 ye ? [#20 i#6 ? #20/#6 ? 0

5/6&7/S4 97 a ol 13.5)
5/19/54 (14 P9000 [589 h.o7000 76000 8000
6/9/54 hS000 8400 6800 10100 4230 6869 9609 2430
6/16/54 S820
7/6/54 vad goog 125 495 574 863 [12 O80 1660
7f27/54 95 330 40 77
71/27/54 100 he'7 hOo70 cod ho
9/1/54 183q 1550 797 217| 524 748 |11 623} 494 “4 78
10, /$4 53d 1120 67 861) 167 210)184 630} 320 223

6/64 440d g00 254 3660 311 3500} 3 215; 45 332
26/54 “1170 T3510 144

11/26/54 73 1200
11/27/54 alad 3410 217 986
n/ay/{se §260 1250 20 1270
12/3/84 al 1360 64 2
thes 760 840 6 542/132 7791 § 77\| 15%) 149

55 182 136 20
3/16/55 05 Lad
3/21/55 26 119 p?
e/eiss ly 439
30/29/56 a9 5.0
10/29/55 163) 11.8 hO.4
10/29/55
10/29/55
4/27/56 I al

Additional "? mesh": on 5/6-8/54, Janet 58, Yvonne 59, Bruce 76, Elmer 72, and Henry 26;
on 4/27/56, Bruce 1.36. oh
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permitted comparison, the data are shown separately, and other

data appear in columns headed with question marks for mesh,

usually either No. 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 coarse mesh to that in fine (No.6/No.20,
on both a wet and ash weight basis.

Table 9. Ratio of redicectivity in tows vith coarse mesh to fine mesh

(#6A%20) on vet and ash veight bases. Data from Tables 7 and 8.

  

 

Hike Deep Wide
_Date Belle Crater Vera_ Entrance Passage Leroy

1958 Wet Ash Wet Ash Wet Ash Wet Ash Wet Ash Wat Ash

5/19 8% 1.41 33 655 TT 2.00

6/9 27) MS 49° =#1.23° 2.25 2.39 1.78 3.95

7/6 95 «96 -21 0.2500 iw wT -98 1.12 1.24 86

9/1 1.39 1.18 3.62 3.67 -59 .70 1.61 1.77 12.0 6.21

10/le2 36sHT -034 .78 55 .80 6.41 2.92 6.8 1.43

12/6 -31 (1.56 4200.71.09 9ss.38 1.65 1.38 1.32

11/26 Th 89 -% 1.39

11/26 33.61

11/27 85 .62 1.26 2.20

11/27 1,82 4,21 95 1.57

12/3 42.60 1.13 1.68 83 4h 1.85 1.97

12/17 18 .90 -3%6 1.11 1,32 1.69 7.50 6.56 -22 1.02

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,
significant at the 2% level on the ash basis. The reason is

not apparent for this association of high counts with fine
mesh nets at northern, and with coarse at the southern and
western localities.

Whereas, in 1952 (WT-616) significantly higher 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 in 18 pairs and the fine mesh in 25 pairs,
while on the ash basis the figures were reversed, the coarse
mesh was higher in 25 pairs and the fine mesh in 18 pairs.
Thus, neither wet nor ash basis showed a significant differ-
ence due to mesh size.



nd

Assuming, as these results indicate, 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-
version to logarithms was necessary to normalize the skewed
(with peak toward the left) frequency distribution of the two
arrays of ratios.

Figure 12 shows
the decline for
plankton samples at
6 localities on a
wet weight basis
using the data of
Table 7, with the
two values for paired
tows averaged.

Except at the
Mike crater and Vera
the declines were
steep, ranging from
-1.8 to -2.61 as seen
from Table 1, with an
average for all locali-
ties combined of -1.96,
wet basis, and -1.74 on
the ash basis. The
gradual decline (-1.0)
at the Mike crater could
be the result of continu-
ous leaching of radioiso-
topes, from the crater
into the water, thereby
maintaining the activity
of the plankton. At
Vera the trend is too
poorly defined (P > 10%)
to permit comparisons.
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