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ABSTRACT

—_—

The trend in beta radioactivity as measured vith sethane
flow counters over a period of about two years is shown,
starting vith the 1958 Castle series of nuclear detonations,
up to but not including the series of 1956. The results are
presented as grephs each shoving 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 sfter the date of
detonation, when nearly all of the radioactivity vas assumed
to have originated.

Invertebrates are considered in greatest detail, and
other organisms and materials arw included for comparisoa:
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 veeks
following detonation, a maximum level of redtoactivity in the
field samples collected {s attained, followed by a decline
approaching linearity on log-log plots with slopes over the
ma jor portion of the two-year period that can be represented
es 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 can 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

AP EWIWETOK ATOLL DURINO 1954-55

Introduction

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

The present s*udy traces the trends in the beta radio-
activity of invertebrates by means of repeated observations
from shortly before the Nectar detonation (May 14, 195%) for a
period of nearly two years. Por comparison vith the inverte-
brates similar observations on other substances and organisns
are included, using some information given more fully in
reports by other members of the Applied Pisheries Laboratory
who deal with their probleme from different pointe 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 preronderance of
radiostrontium in the exoskeleton. Welander (1957) described
the trends of radioactivity for the reef fishes of Belle Is)and.
Lowman, Palumbo, and South 11987) reported the identity of the
radioactive non-figssion products remaining in certain samples

collected tn 1954-55 and in 1956 as determined in late 1956 and
early 1957.

Although the emphasis of the present paper {s on inverte-
brates, certain data from many of the other areas are brought
together here in order t» compare the trends in levels of radio-
activity in a unified form and by as nearly itdentical methods as
is practicable. It should be ;ossible in this way to observe
the general pattern of change of radicectivity in living and
non-living materials. and to detect divergences from the pattern.
Study of the trends in th‘s manner has vroved useful in soitnting
out materials of interest for rad!olsctcpic analysis by gamma-
Pay srectrometry.

 



A comparison of the rete at which levels of activity in
orgaaisme of the same species change with the passage of time,
herein termed » with the rete of physical decay, should
indloate changes eavalilebllity of the radioactivity to the
opgenisa concerned. If decline is more rapid than decay @ 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 increese in availability in the
environment or an sccuwsulation or concentration of radio-
activity by the organism. Equality of decay and decline suggests
that upteke end excretion of rediolsotopes have reached an
equilibrium with the environment. It will be shown that cases
in which physical decay progressed more rapidly than did the
rete of decline over the same period of time vere rare or lecking.

 



Radicactivity of common substances and organisms at Er iwe-
tek Atoll was evaluated in two ways, first by concentrated suxy
iavolving 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-
DBution of the activity.

Belle Island (Fig. 1) vas the
major collecting and observation inetd tnect
site, except for rats, for which T .
it was Janet Island. Callections | ge Gage
were made on April 15, 1954 at foes aaties _—)
Belle before the Nectar test, muse ii
almost daily for the week after, _ _
and at increasing intervals later.
The second aspect of the study,
at severe] islands, involved pre-
Nectar collections in April and
May, and nine to ten post-Nectar :
collections, usually expedited cekarey (Opts) amyl
by helicopter, at intervals tn-
creasing from one to nine months, 1 nenaor mwve
at which time six islands. Henry, at
Leroy, Alice, Olive, Vera, and
Bruce vere visited. The remain- "oe ao
ing two islands, Janet and Elter,
vere sampled at approximately
the same times in connection with
other studies. Pig. 1. Map of Enivetok

Atoll

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 vere
usually monitored with the instrument one inch from the ground
and vith the shield both open and closed. Similar readings
three feet from the ground vere taken less frequently and are
not included.

Por the distributional study on the various !slands a hand-
ful of {sland so!l] from the top iach, tntertidal beach sand «4
few milliliters of sea water, algae. and three se2 cucusters
Were taxen. Periodic trics ty M-boat around the certphery of the
lagoon, @ mile or two centrally from the islands, served for
sampling sea water, plenkton, and velagic fish by rod and reel.
Plankton tows usually lasted from 15 to 3) minutes at frem one to
two knots per hour using two 1/2-meter nets, fine (No.2) of 173
mesh/inch) and coarse (No.6 of 74 mesh/inch) tow stmultane sus ly
from either sije of the M-toat. ‘Large jellyfish ‘f present ver-
removec and the samples rreserved by adding formalin to maze 56.
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At Belle Island. the invertebrates usually samled vere the
Killer clas idacna, the spider snail Lantis, the land hersit
crab Coenodite, the black sea cucumber Holothuria atra, and the
brenching corals Acropore, Porites, Pocillopora, andHeliopora.
Piesh, and equatic invertebrates vere usu [oocollected along the
north or ocean side, algee on the lagoon and ocean sides, land
plants in the centre] portion, land hermit crabs among the
bushes of the north edge, and terns nearby. Rats were obtained
centrelly on Janet Island.

Invertebrates and fish vere 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 vas available
for dissection.

Soil samples were dried and packaged for shipment. Five-
milliliter samples of sea water were dried on 1 1/2-inch stain-
less steel plates and ashed, except that tn 1956, 100-milliliter
samples vere used because of the low level of the activity.
These were treated with sodium carbonate to remove potasstum

contributes about 0.6 disin'.-~itlons per minute per
milliliter), and then filtered whe precinttate used for
counting. Radiocesium tis a? vst by treatment with sodium
carbonate (UWPL-46: lu).

Plankton was prepared by filtering and removing 4s much as
1-2 grams to the 1 1/2-inch counting p? tes, drying, and ashing.
Prom oecastonal poor tows the wet sampi: -.ight 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 herait 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 fron the thin edge to tnelude
pertostracun.

The term gut as used in this renort taplics any portion of

tizxe digestive tract not more specifically designited and ‘ncludes
the contents.

Sample size ves influenced somewhat by the niture of the
sample and the amount of radioactivity present. When activity
was low, larger samples vere used. Between 5) and °J)) milligroe 1s
of ash were usually considered destratle, but weights ranged
widely, from less than 1) to more than 190) miliitgrams. ‘Shell
and gut with sandy content vere more lightly sampled on 4 wet



 

vela@ht basis than soft tissues.

We ighed samples of tissues in pliofilm bags vere dried
overnight eat 1009 C and sent to the Applied Fisheries Labor-
atory in Seattle for processing,which was usually accomplished
about a month efter 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° - 550° C, slurried vith alcohol, and
dried. The plated ash received a few drops of Pormvar
dissolved in ethylene dichloride (up to 1 mg dry equivalent)
to affix the ash to the plate. The plates vere then veighed,
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 soi)
(plate 7542) collected May 15, 195% at Belle (Fig. 5, p. 11).
Por rats the decay correction vas 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 Pigure 5, page 1]. Within 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 sgunte
in mg/plate Before November 1, 1955 After Nevember 1, 19

3 1.9 1.0
10 1.1 1.1
39 1.4 1.3

190 2.1) 1.6
200 2.9 1.9

1090 4.3 2.5

Geometry and backscatter for the counters and ;lates used
required a combined correction factor of 1.58. Cotrelidence
correction factors vere determined and apriled for the counters
em loyed. For tne decay curves plate counts were used,
corrected only for coinetdence.

Arplying these correction factors gave vilues 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 vere retained
throughout the calculations, finally being rounded to two.
After plotting d/m/g against time the ordinate was in some
graphs calibrated siso in pr’crocurtes yer kilogram (uc/kg), s9ssum-
ing 1 uc to equa] 2.2 x 16 a/m.

 



 

-6-

The Bectar teet (May 14, 1953) vas used as the date of
origin except where othervise iadicated, but earlier shots alse
contributed redicactivity to the samples studied. Especially
the Bikini (March 1, 1958) shot con‘ributed greatly to seme of
the seaples. Resid) long-lived products from eariier ietane-
tienes peior to 195% rendered the curves leas steep than they
would have been as @ result of the 1954 series sisme.

The treads of activity as releted to time are of two kinds,
the physicel decay of individual samples, and the rate of chaage
im activity of ea certain type of sample et a certain locality.
fe distinguish it from ohysical decey. the latter tread will be
Preferred to tn this report as decline.

Results are shown es grephs of the relationship of 1
ithm of rediocactivity to logarithm of time of collection
detonation. The date of origin used may deviate somewhat from
detonation day or the true origin without markedly effecting
linearity of the plot over the period of study. Phe 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 J-235
over a period from 1 to 1000 days as a
slightly curving line vith a predoat-
nantly downward curvature (concave
below) and ®@® generel slope varying
from -1.0 to -1.7, averaging -1.2 (Pig. 2).
A similar presentation of the trends of
radioactivity observed in the present
study facilitates comparison with this
curve and within the study itself.

In log-log graphs it will be con-
wentent to speak of slopes or rates of
decline and decay as becoming more or  

 

less steep vith the pessage of time, and | ap ie aren tome aa
when the terms steepening or leveling are
applied to the trends, the log-log Pig. 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 aixture of
half lives results in a line of
increasing steepness.

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



 

preseatat

Por eech of the ten primary subjects of investigation
(survey meter readings, 9011, veter, plankton, algae, land
pleats, invertebrates, fish, birds, and rets), the trends or
Geclinse are shown grephicelly, and in some cases also in
tabular forms. Por a1] subjects the regressions along vith
Peleveat data are brought together in Table 1. Where avatiable
the pre-Bectar level appears near the left edge of the dec] ine
ereph as either a short horizontal] bar or vedge.

Por 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 absciseal range of the
lines in the grephs.

Por conversion between microcuries and disintegretions per
minute the following relationship was employed:

1 uc » 2.2 x 10° d/a.

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

Ys 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. Por example, the second entry in Table 1, survey
meter read'ngs at Belle, graphed in Figure 3, involved observa-
tions on 16 days over the period 5-540 days after Nectar. The
regression vas .

Ye 2.5 x 103 t72-)* apr,
with a correlation of -.971, which is far beyond the 1% level
of P.

Along vith decline data, available decays for as nearly
simultaneous periods as possible are presented for ccmparison.
Decays start later than declines because declines vere 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 ganma 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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peter

Tebdle 2 gives survey meter reedings et nine islands, of
which Bdna, ed jecent to the site of the Necter detonation
(Mike crater), was highest, with 600 ar/hr

Pigure 3 shows the series of
reedings at Belle vith meter one
inch from the ground, the shield
doth open erd closed. Slopes of
the two re ssion lines, -1.14%
and -1.06 (fable 1) do not differ
signiricently. The slope is
approximately that of mixed
fiseion product decay, sessuming
there was @ slight leveling

 

on June T, 1954.

  influence due to detonations prior

 

 

to 1954. eweav00 = «a 3

Fig. 3

Table 8. Survey meter reedings in aillircentgens per hour
et ene insh from the on various islande of Enivotes
Atoll im 1964-86. Valves ebove 20, with June, ethers vith
Geiger counter. Shield open except et Selle, first column.
fer vnien, sbielé elesed.

Date Alise Belle Deisy Eanea Janet Olive Vere Renry Leroy

~ ~@

8/15/e $7
16 200
1s 130
19 800
Pr] 8 #70
oft 280

so 80
a 30 6
3 #8 90 20 8
4 27 670
9 3 70 «480 |6(600
190 80 60
u le 80
is is 36
2 eo ls % 400 «Oot ‘

hh/eM 10
1 1s
oT) 6

18 1 is 7?
oArn 6

19 wu . 180

30 eu
rfafee 80

nays 8 16 1s. .

1.3

Q 12 =6.10
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Ielead | ~
Pigure 4& shows the dec] ine

for island soil as well as the
only two observations for beech . 4

send eat Belle. The slope for
island 801] of -1.06 (Table 1)
eerrespamed Civeciy with tnat
of survey meter readings.

Prom an initial level on
the first day of 1? alillicuries
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 apparent
in the data for green leaves of
Plants on Belle.

 

 
  

Figure 5 shows the decay of soreWeren war ve tawe =
samples of island soil from Belle Pig. 4
(plate 7542) and from Edna (plate 9170),
and of intertidal beach sand from Henry
(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 i. \

 

    
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, We ~ > ~~--ad
early portion of the curve is not 4 Dey! Me ey 4 200

straight iine because it was originally Pig. 5
extrapolated on semi-log paper.

For comparison, Figure 6 shows the
decay of the sample of lagoon bottom sand :\ “ree set eorey
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 y!
days its similarity to the theoretical 3?
curve of Pigure 2 is striking. It was }'
practically uninfluenced by residues from
previous detonations. The more pronounced
flexures in the curve for Belle island sotl,
as well as its generally more gredual slope L. \
are the result of the influence of the Mike a
test residues superimposed upon the Nectar
test effect. Pig. 6

\
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Pigure 7 . ; . 19. AMO $0iL ~~

shows island soil 7 oe me aiaes = |
decline slopes at \. |
sites other than

7

*~ LN wee
Belle. Pre-Hectar ite i ri...
levels are indt- my sO .,
cated by short . os Nt Ve Ss
horizontal bars at i NXE . a ,
the left edges of i . “2
the grephs. Except , - ' , . ‘
at Bruce and Elmer, {
the points are |
widely scattered °: '
and the trends poor-
ly defined. Vari- -
ations in exact .
location of sample 7 .
taking, changes of »
personnel, and the od ‘ ‘
use of single ' \
samples contributed
to this variability. «© ‘

 

ot : aAneA <
 

once (ao aon .€mOv

Levels of
redioactivity vere
much higher at the
northern than at
the southern local- he
ities.

      a' ‘ ooo
Save aren way 4 1996

Pig. 7

Table 3 gives decay slopes of island soil samples froma
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 t 0.02.

Since the five soil decay curves with more than two points
are fairly straight lines, 2-point slopes vere 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 vere steeper than decays except at Janet where decays
vere steeper, and at Vere where decay and decline vere equel.
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Leland 201] decay retes vith desline retes for compar! sen.
fable 3.

Be. of beeen” ed
Locality Plate Date of Daye . artes

nusibe fter May t'aee
r collection te. lana. sieve sed ic

range counted aean Teble }

7597 6-3-8 Su- 580 2 05 9 1.8

Auiee 7SOTA é 60-580 2 1.36

, 75978 ° 50-580 2 1-01 . 1.26

2 §-15-S 26-910 . . .

Pele feet ° 49-870 & 68%

° 9189 6-19-54 89-880 2 3? 12

Edne 790 6-7-4 49-910 5 . .

Janet rad 6- 3-54 43-870 2 1.27 1-3 al

6-3-54 89-870 . . .

Ore oe Norr
75913 6- 3-548 &8-870 2 -60 6 68

vere 7991 : 89-379 2 -68 é

Bruce 7587 . 50-870 2 -90 1.0 1.69

. 91964 6-21-55 75-870 2 1.03

. 91968 . 75-870 2 1.21

4&7
915 6-3-54 49-870 2 78 8 1

Henry g1e2 : 49-870 3 -90 9 1. 32

Leroy 7599 . 88-870 a .62 .

. 7599A . 48-870 2 .57

Table &. Decay rates of intertidal beach send, vith declines from
Table 1 for comparison.

Locality Plate Date of Days Wo. of Slo tiv
number collection after May tines 3s cline

18, 1954, plate ality, fros
renge counted wean Tebdvle 1

Alice QTOTA 6-21-54 76-870 2 .88 9 &a
. 9707 . . 2 -92

Belle 7581 5-15-58 48-870 2 1.13. 1.2 7
. TSRIA " 47-870 2 1.14
, T5alB . 57-870 2 1.29

Jenet 9705 6-21-58 76-870 2 .80 8 79
Olive 9703B . 74-870 2 1.16 8 8a

. 7598 6- 3-58 89-580 2 -96

. TSORA &6-540 2 .65

. 75988 . 89-580 2 -55

Vere 7592 6- 3-58 &9- 540 2 .30 x) 60
. 75928 48-580 2 wae
. 75923 " 85-580 2 -70
. 9701 6-21-58 76-870 ‘ .76
, 97O1A " 75-570 z 1.23

5 . 798 é . sa 75-879 2 1.28 6
Puce ~3- 9-580 2 1.00 1.5 1
: 7588B : s5- 340 2 83
: 9197 6-21-54 75-870 2 2.2

G197A * 75-870 2 2.2

° 919738 . 75-879 2 2.0
Henry 97116 6-21-58 78-919 5 1.7 1.” 1.88
Leroy 9799 76-870 2 2.2 2.2 1.39

97°98 ° 76-379 2 Pes
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Reach
 

Tetertieas = =. im zn
peach send at Belle . .
was sampled only ; .
twice, at the first ° \. N\ . !
end the last of the ) me ° ri
experimental period . NO ‘.
(Pig. 5). These mS ;
eparese deta suggest .
@ considerebly low- .
er initial level ‘
than for island : !
soil, end & some-
what lower decline ena vue
rate of -0.7.

  
Pigure 8 shows

deach 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 ° . pone ‘Seram wavs. eee “

the sand. The
northern islands vere Pig. 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.

The slower decline at northern than at southern islands
1s probably caused by & greater residue cf 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 tvo
points. Beach sand decays were appreciably ateeper 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 vere
steeper than declines, and at other localities differences
were negligible. In generel, decays vere steeper than
declines, although not convincingly so.
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Sea water

Sea water sampling vas most extensive at Belle as Table 5
shows. 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.

Peble & nedicnstivity ef sen eater camples enpreseed ce disinbegretions per piaute per aflisiseer

(¢/afah). The value indicates Wwe samples ancept uhere the sumber of cemples felless the paventheste.

 

Gag Date Alice Sten Flere Jenet Clive Vera Sruse Deep Fide Seary Levey
erater meer. Pass.

etetion reef reef

1 6/18/ee 9800
® 16 $00
3.0664? 500
4 38 123(2

47.
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Seo
eo = 2000

1s 86 170
16 a ise

“es #6 137
a (8 avs 170 os 80 no
so u n

it — me
so a n 2 3 ro 87 «

‘eo 1/A/e so
+ seas Se $a
so se 0
o 13 aote
oe 1 “s

a f/f 3.7 =
lle e/7/e “
160 10/1/84 1s 17 1 20 le 16

ive 11/8/se 7.02
i768 8.2
1s? (17 a.8

: —ro8
#7 2/18/98 8.42 .0(2 9.042 10

 

Bin ayeiyes b.adk STR lSTER . Te! Tali iaed
aoe com

08 ose a ee
 

Astitirzen) date: 6/92/86, Tvenne, 31, ams Elmer, 60; 17/14/86, Daley, OK6.



 

 

P 9 shows the declines for sea vater at 12 localities.
Variability was moderate except for the low values of early
points for the ocean reef st Belle. The slopes were steeper
thea for aster reedings, 8011, or beach sand et most localities.
At Belle, omitting the early ocean reef collections, the slopes

«| 7 OO - 4
mee @us Gem wee ..¢ oD ace om? ane ‘

! . <a |
) . . . eterue

a \ . b + ‘
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a
a
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t { a |
—
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a

     ol!

eaten.ete boonetlie + ote.te
Pig. 9

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

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 all data combined
is shown as well as the steepest
line for all data other than that of
Belle, outer. The data for the sea
water sampling et Eniwetok Atoll
exclusive of Belle ocean reef give a
decline slope of about -2.2.

Pig.    
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The decays for sea vater are given in Tabls § and Pigure
ll. Counting errors were large because of the low levels of
neerly #11 of the jater counts. The contribution to the
rediocactivity by wes compensated for by subtracting 1
fres each count per ainute per 5 wiliiliter plate. Qne ccunt
per minute per plate ves equivalent to 3 d/a/plete, because
the correction factor for geometry, back scatter, anc :elf
adsorption was approximately 3.

fable 6. Desay retes of see water samples collested at Bnivetes
Attell ts » dwme,end July 1954, with o°renpieit desiine
rates frem Teble } for comparison. Date fer Pig. ll.

Curve Plate Lecaility Tipe spen ia pesetire

Bunber numbers after ay e
8/14/84, of fren
deeay slepe Teble ti

1 7567-68 Belle, cccean side 33-630 1.3 1.88
2 7600-70 °* * ° 535-630 1.8 1.88
3 7676-76 °“ plankton station 86-910 3 2.30
é 7606-06 =—* escean side 39-630 1.8 1.88
6 ee0s-04 0” lagoon side 100-800 1.0 2.01
6 0703-984 Wide Passage 100-300 1.8 2.40
7 7678 Levey plankton ste. 85-0640 2.8 2.41
8 ole: ° . ° 49-040 1.8 @.41
9 e7es-06 ° ° ° 100=300 1.4 2.41

10,000.

The data of Table 6 for the
9 sea water decays are graphed in
Pigure 11. With the exception of
Belle, ocean side (curves l, 2,
and 4) where decline was unusually
gradual because of low early
values, declines were steeper than
decays.

The decay curves tend to
level terminally, even after sub-
traction of the activity due to
K e
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Plankton

Amounts of radioactivity per unit of vet weight of plank-
tom in samples from each tow appear in Table 7, and on the
basis of ash weight, in Table S. This dual analysie ts tn-
tendea tc svaluste the appropriateness of tne wet basis as
compared to the ash basis in considering the radioactivity of
Plankton. Where simultaneous fine and coarse mesh tovs

Tedle 7. Grecs dete racienstivity ef plankten samples in thousende of é/n/g of vet weight

et Baieotes Atoll in 1964-66.

 

vate Gine creter Vere Deep intranse Side Passage a

geojee ig oo [ase ienT“geo | * 1 fee

8/eat/se | as. a 8.3)
a/ie 2000 £170, 2800) Sood
6,8 670) 1360: 2900 , 669 $70

Yat Egg tae le ss

|

4 42 | «9
+ ‘oe “tsa! + pi’ ° nos} HL

re 1190 62
® 3 9.1; 19. ss a ae sq 2.5
y 1.8 se: 4a 7.6 =77 12 1 2.8

aco . aug 7 6
i "Ta" + 165 - ag > ; ~— Fy + . od aq . a

160) {

11/37/84 6 2 _ 30
220 122 $s

2. : 30 ; Aq L,OLjL2. 6,2
HAE. . a et fat cee oot pony * 1808
sats 3. ‘ @.1 2. 24 ~82- 1

3, 6. : . e es

3/21/s8 7.4 ; a 2.4 '

rorera 8 +, ratFe ag hart ot tS at
| 3.4 2.2 je32 22

. elt

wont of toi td et wef
Aééitional “f meek": on 58/68/54, Janet 8.6, Yvonne 1.8, Bruse 8.0, Elaer 2.5, ané Henry 5.4;

om 6/87/36, Bruce 0.73 and 0.469.

Padle 8. Grose dete redicactivity of planuton samples in thousands of a/a/g of ast. weignt

at Eniweton Atoll tn 1v54-86.

Date Bike creter . katmash ‘Deep Fntrance Bide Passage |Leroy

yes “ ; me mm #0 ”heeeao RY 2 mo8 mar

box" ft see 3.5
‘seeod @7000 _. 76 $8000

$000, 8400 6800 10100 4230 696a . 16 2430

 | , 12m _6, 37 863 ,12 a2
98 ei fe

147 nov 06d
OF 27 ‘a6 748 11004
8? 961 16 219118

‘as, :  00 . . 284q «=3880}, 2800)
119d TSO Tat
734 =©1200 ;
asq 3410 | air 906°
seeqs1250 2 1270

° * . * - am, ad.

606 342 af ° ‘ * #8
lam 1064 a

3/16/86 22.8 at.@

3/ul/as ia m
aq r~ a d 7 ° oJ 8. q

/38 11.8 19.6 a7.@

30/e0/be | ; R78
1 8.3"

a . . . . . . 7O.80.

neatttemal °% seek": 65 3/6-8/54. Jemet 58, Yeonne 98, Bruse 74, Elaer 7B, and Aenry 26;

on 4/87/86, Bruse 1.56.

 



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.

Tatle 9 shows for the paired tows the ratio of the activ-
{ty per unit weight in coarse mesh to that in fine (No.6/No.20
on both a wet and ash weight basis.

Table 8 Ratio of radiazetivity is tewe with eearse apok te fine apenh

(06920) om wet and con veight Beece. Dante frep fables 7 cad 8.

Ribe Deep Wie
aie Bede ter Yers_ Pascegp

i954 «Wet

App

vos

sem

=k

ep

ektem tem vee

nee

 

SAS 68 1.481 33) oS -T7? 2.00

6 .27)— 49 1.23 22 2.39 1.78 3.95

1% -% .% 21. -49 67 8 1.12 1.16

9A 1.39 1.18 3.62 3.67 -59 .7O) 1.61 1.77 12.0 6.22

1o/la2 CF 0% .76 5 .6€0 6.81 2.99 6.8 1.85

nA 32 (1.96 420.7200 2,00 B.S

12/% 78 9 8B 1.9

11/%6 -33 63

1l/er & 62 1.2% 2.20

11/27 1.82 8.22 -% 1.57

12/3 42.60 2.13 1.68 83 88 1.85 1.97

w/AT -18 .90 -3% 2.11 1.37 1.69 7.50 6.96 -21) (21.02

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 vasis showed a significant differ-
ence due to mesh size.

te a a metelhleee
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Assuming, as these results indicate, that activities in
coarse and fine mestes do not differ, the ratto of coarse to
fine should be unity. The ratios in Table 9 were used to
determine variability on the vet a9 crresed ts ths a3h besis.
On the ash besis, variance vas only half as great as on the
vet basis, thus, eshn is considered the better basis. Con-
version to logarithms was necessary to normalize the skeved
(with peak toward the left) frequency distribution of the two
arrays of ratices.

Ps

Pigure 12 shows 10,0001°\_ " r T° " |
the decline for ; \ oe MIKE CRATER | VERA

Plankton samples at \: | !

6 localities on a 1000: \ + |
wet weight basis |

using the data of \
Table 7, with the 100: .
two values for paired

tows averaged. _ . _ \ :
10 ° . .-° 4

L

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 radtoiso-
topes, from the crater
into the water, thereby 2
maintaining the activity °' - bo 5
of the plankton. At 4 0 mo 0,m8 100 000

Vera the trend is too :
poorly defined (P > 10%)
to permit comparisons.
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Planxton decays vere
unusugéliy uniform, as shown
im Pigure 13 and Table lo.
The meen und standard error
of tne slopes of these 18
decays are -1.39 * .02.
This average for the decays
is less stsep than the de-
cline of -1.74, ash basis.

At Belle Island, the
Deep Entrance, the Wide
Passage, and Leroy Island,
the declines greatly ex-
ceeded the decays insteep-
ness. At Verathe scatter
of decline potnts is so
great that the slope is
highly uncertain. At the
Mike crater the unusually
gradual decline (-1.04)
‘due to contributions from

the crater itself, accounts
for one of the rare in-
stances of decay exceeding
decline. In general,
plankton declines were
steeper than decays.
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Tacle 10, Lets for plankton decey curves of F1,. 13.

R294 Mime creter 11/27/84 238-940

8293 Mine crater 11/27/54 238-640
19067 belle 3/21 340-960
RQv2 Wine crater 11/27/84 480-940

R253 Bide Passage 9/1/54 146-060
19066 Leroy 3/14/$5 330-946

4a 8217 belle S/iv/$e 1-830
-

Curve Plate Locelity bete of Deys after
no. no. collec- May 14,

tion 1954,

range

1 19024 belle 12/27/54 230-950
2 8277 Belle 11/6/54 195-940
3 R264 Wide Passage yy 5@ 195-940
4 8258 belle 9/1/84 —-:147+640
5 4267 Belle /34 106-940

6 828< Deep Fntrance 11/6/54 196-940
7 19017 Leep Fntrance 12/17/54 240-940
4 6234 Kelle 4 “ee 134-940
9 19034 belle 2 [12/88 198-940

1o 8220 Leroy 6/9/54 §$5-040

ll 19058 Belle 3/21/56 330-460
12
13
he
is

16
1?

Slope

SeckyDestineecay

1.46
1.56
1.38
1.37
1.52

1.36
40
-%4
ott
51

3%
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4
1,3
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imeda

The calcareous alga, Halimeda, was the one most commonly
sampled at the various islands. Pigure 14 shows that the
absolute levels of radioactivity were nearly untform from
island to tsland. The highest levels and the steepest decline
were found in samples taken at Leroy. Variability was low
because nearly every point is an average of several samples.

At Belle the points fall in a curve, nearly level at first,
steepening to a maxinmum at 100 to 200 days, and then again
leveling. This is the most frequently observed pattern of
deviation from linearity noted throughout the survey.
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Pigure 15 and Table ll give decays for 9
localities. In addition, five later samples
(plates 6969-73 from Belle on July 22, 1954)
counted 34 and 1106 days post-Nectar gave
slopes ranging from -1.31 to -1.36.

Thus, at each locality, declines vere
appreciably steeper than decays. Halimeda
decay curves resemble those of sea water
and plankton in being nearly straight for a
long period.

Table 11. Desay rates of semplee of 4elimeds et
rine Leselitios. ULste for Pigure 1s. ~ >

curve Plete Loeelity Bete of Begetive

 
nvaber maber colleetion slope te

@00 days

1 6322 Selle 6/ls/ae at
2 a3e6 ° . 1.3
3 4348 ° ° 1.38
‘ esee . 0/7be 1.8
6 ones : ° 1.4

6 ovee Alice 7/20/ee 1.8
’ even Janet . 1.8
6 17 Olive ° 1.4
® els) tere ° 1.8
1a 00m) Y-2ame ° 1.8

ll e008 Hruse 1.4
12 oese) +Lmer ° 1.6
is Ot ed ° 1?
ve es0—Cs Lewes? ° 2.8

The last three curves, representing the southern islands,
Elmer, Henry, and Leroy, become less steep at about 600 days,
while at islands farther north the rate does not change,
suggesting a difference in isotopic constitution in the two
regions.  
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Jand plants

The green leaves of land plants st Belle ow
were selected to show the trend of activity \

Figure 16 shows NAin terrestrial vegetation.

i

the decline of individual plate values as a
scatter diagrem upon which are superimposed “
the calculated regression line of slope -1.63 -
from Table 1, and a curve fitted by inspec- .
tion to the crosses representing the arith- ]
metic means of values of radioactivity
grouped by logarithmically equal intervals
of time.

The latter curve resembles the trend $
noted for Halimeda at Belle, in that it “eee
increases in steepness at first, and then
decreases. It differs in being
steepest at 20, instead of 100,
days as with Hal imeda.

Comparison of decay with
Gecline for leaves taken at
Belle is complicated by the
scatter of the decline values
in the pertod from 150 to 600
days. Slopes of 13 decay
curves appear in Figure 17
and Table 12. Over the 150 to
600-day period the slopes
averaged -.54.

Decline for this period
lies between the slope of the
regression line, -1.63, and the
slope (~0.45) of the curved
line of Pigure 16 between 150
and 600 days.

Since the decay rate of
-0.54 falls far short of the
maxinrum decline rate of -1.63,
and is only slightly greater
than the minimum of -0.45,
the rate of decline is con-
sidered to exceed the rate of
decay.
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Pig. 17

Teble 18. Desey rates of samples of green lcavee from
land >lante at Belle.

Curve Plate Species Kind of Bomth
num nweber and day
ber Year collested, 600 aeye

1066

1 6348 Seacvole young Mey 15 1.
2 Lagso ¥ eprout Segt. ? 36
3 10819 ° apiece) ? 250
‘4 10818 old ° ? 6
s 10680 ° epical sev. 30 9

S LEE Beesoregumidig sprout Sept. 7 »
7 Loges epteal ? ~60
e 108s? leaves . 7 .@
© ides Pieris vude ’ 0

340 1aees ole ° -

S| ims Portwulec leaves , 62
aa . as Seerhagote leaves 7 a
ai lwre "aeenu leaves ° 1.90
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Acropora was the most common coral in the collections.
Trends in levels of activity of three othe. genera of corels
vere similar to Acropora, and
absolute levels differed, but
not significantly. Consider-
ing Acropora levels as unity,
other genera had these values:
Heliopora 2.6, Porites 1.3,
and Pocillopora 0.7. Samples
at Vera and Olive showed sig-
nificantly greater activity
in Porites than in Pocillopora.

Figure 18 shows that a
fairly rapid and uniform rate
of decline prevailed from 36 to
71) days post-Nectar. Table 1
gives -2.23 as the slope. From
1 to 8 (average 3.6170.5) plates
were the basis for #sch point on
the graph.

The decline data of Figure
18 could also be considered as
a sinusoidal curve similar to
that of Belle Halimeda, but not
so markedly leveling terminally.
Projection of the decline curve
into the future would be of
special interest because of the
basic role of corals in the
atolls.

Decays, also, appear in
Figure 18. Slopes on the same
day are in general agreement,
with the exception of curve -5.
When decline and decay slopes are
compared over identical periods
decays are seen to be appreci-
ably less steep than declines.
Table 13 gives data pertinent to
the decays. Only the early
portion of curve 5 exceeds the
decline curve in steepness.
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Tetle 13. Leeay retes ef Aerepory senpics

Trem Belle. Late fer Pigure is.

carve Plete Celieeting Segetive siepe,
ober maber téete ftret te last

reine

a eopo 8/¥2/ee 1.7
2 eons ° 1.
3 sore . 1.00
‘ lises on( 1.
8 12306 1.90

4 11368 * 1.3
7 llses ° 1.0
8 170gs ss.30/6 00
® 17086 * 00
10 irae? . 8

1 avz73—/ a /ee2
iveeo 5/81.,/06 9

is i1”es ® 1.08
16 ine? ° 1.0
is inmse LALJe 1.0
re 17808 . 7
197 17eso » -@



 

Clas
Tridacnid clams,

mostly Tridacna crocea,

vere sampled at Belle

over a longer period

than other invertebrates
except crabs. Numbers

of specimens used on
each collecting date
ranged from 1 to 5,
averaging 2.1 % 0.2.

Pigure 19 shows the

declines for clam tissues

at Belle. The early rank-

ing of the tissues from

most to least radioactive,

was visceral mass, kidney,

gill, shell, mantle, and

muscle. The more gradual

decline rate (¢0.71) for
kidney than for other

tissues brought kidney to

first place at the end of

the 2-year period, while

other tissues retained

their ranking.
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Pig. 19

Early absolute levels ranged from 20 to 1000 uc/kg for

muscle and visceral mass, respectively. Two years later the

range was from 0.1 to 4 uc/kg for muscle and kidney, re-

spectively.
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Figure 20 and Table 14
@ive the decay data. Kidney
decay, like kidney decline,
was comparatively gradual,
indicating the uptake of
longer-lived radioisotopes by
this, than by other clam
tissues. The comparison of
decay and decline in the last
two columns of Table 14 shows
that decay and decline vere
approximately equal.

  

 

Table 14. Decay retes fer tridecnia elem tisesves fren
Belie. Ostia fer Pigure 30

 

Curve Plate Tiseve bete of fegetive slope,
manber number eollestion firet te leet

pointe
veeey beeline

1 114000 ausele ofrise ® .80
8 11608) viseerel ance 8/7/34 0 1.07
3 12e0h) gi2 9/7/ee la 9
‘ 11316 Bieney sane 77 nn
8 $660 niemo A 6 7h
6 $414 Ei@ney 5eases 6 72
? 66n6 Kiamey nee ‘3 73
6 8660 ui@ney 5 ° 71
° 13325 anntle a/e/ee 8 0

10 1331S glk 0/le/ee 1.3 a

4a 1lsie) ausele ie 2 »00
ls lleéw name Tad 6 7
as 11317 wieeeral ance 8/19/80 1.1 1.07

The equality of decline and decay rates is further sub-
stantiated by a method used by Held (1957) on samples of hermit
crab carapace. If samples collected soon after detonation decay
to the same levels observed for samples collected at later dates,
then the rate of decl‘ne would be equal to the rate of decay; in
fact, decline could be accounted for solely on the basis of
physical decay. Such an equality was demonstreted by recounting
clam kidney samples in October 1957, 2 to 3 years after they were
collected. When the 39 available plates of clam kidney collected
6 to 536 days after Nectar were thus recounted in October 1957
the levels of radioactivity were randomly scattered from 2,000
to 10,000 without any trend that could be related to date of
collection. That is, the early samples were neither higher nor
lower than the later samples, ina statistical sense. The
correlation coefficient of log activity related to log days after
May 14, 1954 was .05, which, for 37 degrees of freedom falls
short of even the 10% level of P. Results were similar to re-
counts of samples of snails and sea cucumbers which are graphed
in Pigures 24 and 30 respectively. Clam kidney resembled snail
tissues in that eariy and later samples were alike when recounted
in 1957, while for most sea cucumber tissues the aarly sascles
tended to be more radioactive than later samples when all were
recounted in 1957.
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Pre-Nectar samples of clam kidney collected April 15, 19548
when recounted in 1957. contained almost (70%) as much radio-
activity as the post-Nectar samples, indicat‘ng that mich more
radioactivity vas contributed by the Mike test, Nowerler 1, 1952,
than by later detonations, chiefly Nectar.

Microscopic examination of kidney smears of Tridacna shows
a profusion of highly refractive granular inclusions which are
assumed to be responsible for some unusual properties of this
tissue, in addition to its dark brown color. The specific
gravity and ash content of kidney are high, the level of radio-
activity is high, and the decline and decay rates are slow.

Lowman, et al. (1957:2£) showed by resin column analysis on
December 18-24, 1956 of a sample (plates 1282 and 1284) of clam
kidney collected at Belle on September 22, 1956, the following
radiotsotopic composition:

Pe55 -------- 74S C060 --------- 1.8%
Co5T -------- 9.6% Rul6_pyl% -- .7Hg
Coo8 -------- 9.2% ZrI5-NbID ---- .15%
y91 --.----- 2.6% Fe? --------- ~15%
Mn54 -------- 2.2%

The preponderance of Pe) is missed in end-window beta or in
amma counti because of the low energy of its emission
70 KV X-rays). At the same time gamma spectrometry of the

sample above as well as two other analyses of kidney samples
collected at Belje in June-July, 33°" and March-November, 1955
showed only Rul06-Rnl26, mn54, CoOX, and Co57. It 1s probable
that Fe55 would have been detected by resin column analysis of
the 1954-55 matertal.

X-ray spectrometric analysis on December 19, 1957 of the

ash of kidney from a 12-inch tridacnid clam (Hippopus), col-
lected May 12, 1956 at Leroy Island, showed the most abundant
non-radioactive heavy elements to be bromine, strontium, and

zine, with a small amount of tron.
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The spider snail, Lambis, was sampled at Belle once before
Nectar and ten times after Nectar vith the results shoyn in
Pigure 21. Each point is based on 1 to 4 (average 2.37 0.5)
samples. Liver, at > 1000 uc.”-*. was the most radioactive tissue
sampled, followed by gut, viscera. mass (not shown), mantle,
shell, and muscle. Visceral mass, collected 116 to 311 days
post-Nectar, was similar to gut in absolute level and in trend
over this period.
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Pig. 21 Pig. 22

Absolute levels of snail tissues were higher than for clams.
Snail liver and clam visceral mass were highest of the inverte-
vbrate tissues sampled. Snail muscle was significantly higher
than clam muscle, but shells of snail and clam were about equal.

Pigure 22 and Table 15 show decay data for snails at Belle.
Curves 1 to 6 are pre-Nectar and are shown related to Mike,
November 1, 1952, as origin, which accounts for their steepness.
Other decays are related to Nectar.

Snail post-Nectar
decays almost equalled
the declines. For liver Pawoty, nl? Totes Tor MMMBe ot Belle. Unte for
and shell the declines cupve plate theave cate ef ete o: .
were slightly steeper macer mmmer celle: ortainte eybtine
than decays, while for forres aye
mantle, gut, and muscle b BS aggk Seeave et iis
the declines and decays 2 bead mele : 2a “

were approximately equal. , eee satis . “ s
7 ons anstie spree srg « -@

The possibility that 2 me Tee: a
the detonation on march i, ilu Ute : a ve
1954 at Bikini contributed ame we ee "y tee
the greatest amount of the is hea a . : 38 re
activity in snail tissues,
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eau examined by means of the decays. Oecay rates themselves
@remieh 2 clus &S the date of origin, if 10 18 assumed that a
constancy exists in rate of decay from one test to another. Por
any one tissue the siope of the pre-Nectar curves when related to
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* fore the appropriate origin might be expected to agree vith the slope
of post-Nectar curves during the corresponding interval after

) Rectar.
tissue

e, Using the Mike test as origin, the counting period of the
pys first five pre-Nectar samples would be 650 to 930 days post-Mike,

ane one) eaebe Seo naGl:and2,03, recpecrively.Toemuscle) v -.98, -1.61, ~2.03, respectively.

corresponding slopes for the post-Nectar shell, liver, end suscle
samples (curves 14, 12, end 15) during the interval 700 to 900
Gays post-KRectar were -.92, -1.36, end -1.55.

a, This agreement between Nike-derived and Nectar-derived
: ay slopes is satisfactory, especially if allowance is made for some
.o{e carry-over of long-lived products from Mike into the post-Nectar

t we material. According to this hypothesis, no great proportion of
XX *% the radicactivity of pre-Nectar snail samples could have been
SoS contributed by the detonation of March 1, 1954 at Bikini, since
S SN relating curves 1 to 6 to this date gives slopes of -.36, -.57,
AA -.75, -.68, -.62, and -.28, which are not steep enough to corre-

‘ spond with slopes of the post-Nectar samples. Therefore, curves
pe 1 to 6 in Pigure 22 ere referred to the Nike test as origin, end

“* the remainder to Nectar.

, 22 " TtSettae SPgang’ieTeeae.Tatiana oat
The decay curves of sescar. uate fer -teure 83.

Yr clams. Pigure 22 are unusual in aye, Piste, betegst, tiem bawsabre paroageeipsane
verte- that they tend to steepen siaseien© plate tecieatan
gher with time rether than to N00 ears; sites
equal, level out. This varta- 1 Mem se lige ped td

' tion suggests that their ser lee, = a0
Belle. semi-log plots might be bree buen #0 mt

2, linesr. Therefore, these > ime teas: ose co:
»pness. and other curves are shown =: ties iets oan te Mo aa?

on semi-, insteed of log- aves aera : ag wo
log plot in Figure 23, and i} ‘in imme =O ie 2S
the data appear in Table 2 utae tees we me:
16. Several of the curves i$ im naw oss =
do approach linearity indi- 3 jm lpye ~ 7

segeuiee cating « single half life. = os em ‘ ~ :
eine eee oe 1m 3 = se
he ‘* i eo een aucle 3 ~o Ome

- am G/eesfee . ew me °
. = ome a/is/ee ° ee 3s .

7 4. SOROS a OR
s i \\ “Ta mass ae oo
a ‘ a iter ee =e

3 LRA KN Se Ge-e EF
_ 4 \S imer fee gt nee =e: WAY WY EM S28 =
, YY YY ita (lifes lneee = ~
“ x imee Lifsers Saale poo oe

| mie Ss. Ss 5
trrererevi reves ivese 1a /ze/ee one ~ -

Pig. 23
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Table 16 indicates that during
the time interval from about 50U to
1100 days post-Nectar, haif lives of
about ome year predominated even
among s@mples collected before
Bectar. The one-year half life is
substantiated by gamma spectrometric
analysis on May 10, 1957 of plate
5797 (Pig. 23, curve 3) by Lowman
et aj. (1957:34), which showed the
redioisutopic sonstituents to be
primarily Rul06-Rn106 of 1-year half
life, Mnd® 300-day, Cod7 267-day,
and small amounts of C00 5.2-year.
Using the t test, the average half
life for liver was significantly
longer than for mantle (P - 0.2%),
gut (P « 1%), and muscle (P about
5S), but not significantly longer
than for visceral mass or gonad, or
sxorter than for shell.

The high levels of radioactivity
of Belle snails made it practical to
observe radioactive decay over as
long a period as three years. Nearly
ell (109) of the snail samples
collected in 1954-55 were recounted
on May 21, 1957.

Figure 24 shows as log-log plots,
the radioactivity of snail samples
from Belle on May 21, 1957 related to
date of collection. Little or no
correlation exists. The amount of
activity remaining in May 1957 was
about the same in samples collected
on April 15, 1954 (shortly before
Nectar), shortly after Nectar, and
long (5480 days) after Nectar, thus
supporting the observation that de-
cline and decay do not differ.
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The land hermit crab. Coenobita, has been reported upom by
Held (1957), primarily from the standpoint of its sensitivity
as an indicator of radiostrontium. Individual sample values
were given in appendix form showing d/m/g based on the usual
decay correction factors85ers for carepece, which was based
upon the decay rate of Sr¥9 and Sr70-Y90, Declines vere show
semi-log in order to relate them to half life, and to scceata-
ate fluctuations in the later trends of the curves.

For purposes of comparison with other organisas, this
section presents, in the form used throughout the paper, tae
same crab data tabulated by Held, (1957: 26). In eddition, the
observations on April 26, 1956, just tefore the next series of
tests, are shown as the last points on the guscle end carepace
graphs. However, instead of decay factors based only upon
strontium, the usual decay factors employed in the present
paper were used for carapace. Numbers of specimens on each
collecting date ranged from 1 to 5, averaging 2.9 © 0.2.

Pigure 25 shows the declines for five creb tissues. Align-
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Fig. 25

ment of points was good in the cases of liver and gill. Rates
of decline ranged from -.95 to -1.46. A dip shortly efter 100
days in all of the curves appears to be followed by a leveling
tendency.

The decline curve for carapace differs from that shown by
Held, who used decay correction factors based solely on
strontium, in that it extends through @ vertica] renge of ebeut
2.3 orders of magnitude, while his extends through only ebeut
a.) orders Of magnituds, possibly teceuss is. tus seceent pager
short-lived products in the sard-deritved decay factors vere ta-
cluded, while in Held's ccnsideration these possible short-lived
products were excluded.
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Pigure 26 and Table 17 show
crab decays. Carapace of Coenobita
ie emphasized, but other tissues
are included, as well as @ curve
for carapace of the ghoat crab,
Qeypode, for comparison.

There 13 a pronounced level-
ing with time, indicating an un-
usually high content of long-lived
{sotopes. The two-point slopes
define limits within vhnich inter-
mediate points must have occurred,
following the pattern of corre-
sponding multi-point curves, and
which are included to show the
transition from the slow decay of
pre-Nectar samples to the more
rapid decay of later samples. An
uptake pertod of 1 to 2 weeks for
the isotopes remaining at the time
of counting the decays itn Pigure
26 is suggested by the increase in
slope of successive curves with
time of collection after Nectar.

Carapace of Coenobita and
Ocypode showed similar decay
patterns as may be seen by com-
paring curves 16 and 26.

Paucity of decay data in the
first 100 days precludes adequate
comparison with the early portion
of the decline curves. After 100
days post-Nectar the variability
in the decline curves is too great
to permit of definite conclusions,
but decline and decay sppear to be
about equal. No significant differ-
ence can be shown between decline
and decay using the available data.

Held (1957:8) shoved that re-
count in Pebruary 1956 of all
semples of carapace where all of
the activity was due to $r9J-y¥90
geve uniform values of d/m/g re-
gardiess of date of collection.
He concluded that equilibrium in
the uptake-excretion process had
veen reached. The same phenome-
noo wes noted abowe for clam kidney
and for all snail semples.
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Seecucumber

fhe only anisels

regularly sempled for the

distributionel stciy

(Pig. 1) vere sea cucun-
pers. Three specinens
vere usually taken 08

each collecting dete.

Figure 27 shows the

decline at Belle, and
Pigure 26, et other local-
ities. Pre-Necter levels

were highest st Belle,
Alice, Janet, and Vere
(avout 1 to 10 uc/kg), and
abdout cone order of magni-
tude lower et Glive, Bruce,

Filmer, and Menry; Leroy ves
not sampled. Early post-

Bectar levels vere about 50

to 100 times than the
pre-Hectar levels. At Belle

the first velue, on tue Sth
day, was too low to align

with later values, except
for t which is really

200 send. To show the

fx |
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trend over the major portion of the survey period, the regression
line was calculated starting on about the 36th day post-Nectar,
and the same for other islands except Olive, where the maximus
was reached at 20 days, and at Leroy, where collections vere
first made on the l2sth day.

It is inferred from the failure of early samples to attain
levels in line with later samples on log-log plots, that a pertod
of approximately 30 days was generelly required for the uptake of
radioisotopes to reach equilibrium with the non-radtfoactive
constituents of the tissues, although at Olive this had apparently
occurred within 20 days.

The deviation of the decline points from log-log linearity
seems not to follow a pattern but to be random. Only the decline
curve for gut at Henry resembles that of Belle Halimeda (Pig. 14),
land plant leaves (Pig. 16), Acropora (Pig. 18), and crab carapace
(Pig. 25), tz 3 sinusoidal with point of inflection about 150
days (sec =—S—s sation, p. 40).

Pig 0 29 and Table 18 show decay
curves for sea cucumbe *slected to
include Belle, Leroy, ain. Henry, and
other islands rendomly. They are un-
usually straight lines from as early as
50 days to 1100 days post-Nectar, and
are typical of other sea cucumber de-
cays. The slopes to 700 days renged
from -1.1 to -3.%. Slopes steeper than
-1.6 oceurred only at Henry, and at
Leroy vhere they vere particularly
steep. At 700 days the steepest slopes
moderated, approaching the slopes of
the other curves.
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Pigure 30 shows for the Belle see
cucumber collections the amount of redio-
activity remaining when the samples were
recounted in Mey-June, 1957, related to
time of collection of the semples. Log-
log regressions vere calculated ex-
cluding the collections at 8 days, as
was dons for declines on the basia that
uptake of activity had not yet reached
equilibrium. Por time, t, of collection
of semple in days efter May 14, 1954,
t .e Pegressions for goned, guscie, and
integument, respectively, vere:

d/a/g tn 1957 » 5290 t-9.395
a/a/g im 1957 2720 ¢-9.405
G/a/g in 1957 : 8260 ¢-0.612

with correlation coefficient s ifi-
cance, P « 18, PelS, and Pe< 1S,
respectively.

Thus, the trends for gonad, muscle,
and integument vere dovnverd, while for
gut there was no dis*inct (P>> 10%) up-
ward or downward trend. The slope cf
the line reflects the difference be-
tween decline and decay, being steepest
when decline differe moet from decay,
end horizontal vnen the two are equal.
That this difference ves true in @
genere] vev for sea cucumbers at Belle my
be seen by comparing the rates of decline
and docay in Table 18. Decline exceeded
decay most in the case of integument, and
less for the other tissues.

 
Por sea cucveber integument where the decline slope was

-2.0 and the deca. slope about -1.4, the slope of the log of
the recount in 1997, related to the log of day of collection
after assumed detonation, was -0.6, practically accounting for
the difference between decline and decay slopes.

While videly varying spectre of half lives are possible,
resulting im unpredictable relationships between decline and
decay, 1t is important to note that a fairly constant relation-
ship does exist as shown by these recounts which ere in hareony
with the relationship of decline to decay, especially evident
in the cese of integument. ~

Pre-Nectar collections retained until 1957 about 108 of the
activity meesured vhen first counted, vhile samples taken June-
August, 1954, retained only 2% to S@. The nighest levels of
activity tended to cecur sore then 36 days after Nectar.
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Fish
 

Pigure 31 shovs
the declines of five
tissues of reer fish
from Belle. This
figure includes the
data shown by Welander

(1957:Pig.2) in semi-
log plot, for which
his Table 1 gives data
regarding numbers of
specimens and plates.
Values from the indi-
cated numbers of plates
were averaged for each
point. In addition to
Welander's data, Pigure
31 shows the levels for
one plate of liver and
two plates of muscle for
small fish from a col-
lection made on April
26, 1956.

For each tissue an
initial period of uptake
of nearly two weeks was
followed by a fairly
regular decline ranging
in slope from -1.2 for
liver to -1.9 for skin
(Table 1). Absolute
levels were comparable to
those of invertebrates.
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Pigure 32 and Table
19 show the decay of
samples of muscle, bone,
and liver of Belle rser
fiek®. Variability vas
moderete. Even within
& single species as vith
the decays from the two “+
goatfish taken May 21,

  

 
curves 4, 12, and 21 3
show longer- lived
products than do curves
5, 13, and 22. 7

Although some parts
of certain decay curves
may be steeper than the
corresponding decline,
the declines in general
are significantly steeper
than the decays. Pig. 32

 

 

 

Tedle 19. Rates of redicnstive decay, referred to Heater,
of samples ef reef fien fram Belle. Oets fer Pigure 31.
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Birds

fhe fairy terns, rerely the sooty or noddy tern, vere the
Dirds sampled at Belle. The number of semples on eech eolleet-
ing date renged from 1 to 3 averaging 2.2510.15. Results
eppeer in Table 1 and Pigure 33. The points shown for the
individual tissues were averaged arithmetically to give the
Gate for all tissues combined.
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Pig. 33

Declines vere calculated starting two veeks after Bectar
in order to avoid the first tvo days when uptake vas repid. The
decline for tern gut was outstandingly steep, -2.%. Por other
tissues it ranged from -1.2 to -1.6 without significant differences.
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Pigure 2&8 shows decays for the
tissues of two fairy terns collected
at Belle on August 19, 195%. Except
for one skin and one bone sample,
the curves become more nearly level
as time proceeds. In order of
increasing steepness of decay slopes
between 150 and 390 days, the tissues
ranked as follows: kidney, liver, gut,
lung, suscle, skin, and bone, ranging
from -2.6 to -0.8.

Decli..c data extend only to 310
days, so that comparison with the
decays is possible only from 150 days,
when decays were started, to 310 days
post-Nectar. Because of the curva-
ture in the decays and the variability
in this short section of the time
scale for the decline data, comparisons
cannot be made.
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Fig. 34

 

 



 

 

Rat

Janet was the site of collection of rats, rather than
Belle where rats were virtually absent.
of specimens and average amounts of radioactivity in the
tissues on various collecting dates.
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The high pre-Nectar
level for gut ar.1 a
consideration of declines
for all tissues suggest
that the activity origi-
nated primarily from
Bikini on March 1, 1954,
and less from earlier
detonations and from
Nectar. Accordingly,
Figure 35 and Table 1 show
declines for the tissues
of rats on Janet related
to March 1, 1954 as origin.
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Table 20 shows number
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If referred to Nectar es origin, the decline curves becouse
‘ gmehk lees eteen, vith the following sletes: ekin -.756, wmuecle
ars bene -.§1, liver -, 34, lung - .58, kidney ~.49, and gut

Decays were started 220 days post-Nectar. Table 2] and
Pigure 36 show the redicactive decay of tissues from three rets
collected August 18, 1958 et Janet and referred to March 1, 1958
as origin. Prom 220 to 600 days post-detonation, muscle, liver,
kidney, and lung decayed very slowly, while bone, skin, and gut
decayed appreciably faster. After about 600 days, even some of
the bone, skin, and gut samples decayed extremely slowly,
approaching the relatively uniform decay rate of the other tissues.

 

Tetle 81. Rates ef redicestive éecoay, referred te the
éotenstion of Maren 1, 1966 ot “tuiat, of samples of
tieeves fren tapes rete cellicetes Augvet 19, 1966 of
Jenet. vate fee igure ‘5.
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Compartson of decline and decay rates is precluded by the
paucity of simultaneous data and the variability in the terminal
portion of the decline curves.
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Variability

In view of the variety of conditions of locality, time, and
personne] involved in the study, considerable variability in the
results is to be expected. The statistical nature of the vari-
ability in algae, invertebrates, and fish is dealt with in
another report (Bonham, 1956). For invertebrates, the coeffi-
cients of variation of the values of radioactivity for a tissue
in a collection appear in Table 22.

Taole SB. Saam ceoffictent ef vertetion in pereent, of
selves of redicastivity ia tiseves ef invertetretes
collested tn 1066 at Belle efter Sester.

Tiee

- PPrarVes

mnele se se ss os
Qut or visceral ance oe sl Ce «a
intequnent -° -- “ 23
Liver +* a 3 oo
mantle se n 2 --

aaa 33 -- 2» o-
a “a 30Shell ev carepace

Jenad

These mean coeffic.ents are averages of 7 to 30 individual
coefficients of variation calculated from the few (2 to 10,
average 2.8) values for a tissue in each collection that in-
volved more than one sample. Approximately 300 coefficients
were averaged for Table 22. These ranged from 3% to 125¥ and
were distributed asymmetrically with the peak strongly toward
the left at about 20% to 30%, and the mean at 406.

Coefficients of variation were nighest (424 to 61%) for gut
and shell, and markedly lower (28% to 43%) for muscle.

For the declines, the variability of the points about the
regression lines is measured by the correlation coefficient in
the last two columns of Table 1. The correlation is best where
the data are most numerous.
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In Pebruary 1956, Miss Dorothy South analyzed radio-
chemically some of the invertebrates collected at Belle in
Pebruary and March, 1955, using procedures designed for the
determination of fission products. Miss South ts reporting
the study more fully elsewhere. Cel44-prl44 accounted for
52-61% of the radioactivity in samples of spider snail
muscle and mantle, and sea cucumber gonad; for only 10% itn
clam kidney; and for less than 1% in land hermit crab muscle
and carapace. Sr9° constituted approximately 50% of the
activity in hermit greb carapace, 5% in its muscle, and 0.1%
in clam kidney. Ca5 constituted 2-4% of the activity in
Clam kidney. Because of the late date of analysis, Sr89 was
not found in any of the samples mentioned here. The pro-
portion of radioactivity due to Csl37 in March 1956 for land
hermit crabs collected November 1, 1955 at Belle was 88@ in
muscle and 81% in liver.

At Belle the slow rates of decay and decline for spider
snail muscle and mantle, and for sea cucumber gonad, rela-
tive to other tissues of the same animals, are presumably
due to the large proportion of the radioactivity contributed
by th-*e particular long-lived products, but they do not
explain the slow rate of clam kidney.



DISCUSSION

Decline and decay compared

The foregoing results show the decline trends for a pertod
un to two years following detonations. It {is tnmror’ant to be
able to predict the future course of declines more than tvo
years after the cessation of testing. Since prediction of
radioactive decay of samples is possible on the basis of their
radilolsotop!c content as determined by radiochemistry, spectron-
etry, etc., an understanding of the relationship between decline
and decay will help in extrapolating future declines.

Decline rate was clerrly steeper than decay rate for the
alga Halimeda, the coral Acropora, and for most samples of sea
water, plankton, and sea cucumbers. Decline and decay vere

nearly equal for island soil, most beach sand samples, clan,
snail, and reef fish. The data were insuffictent for compari-
son of the green leaves of land plants, crabs, terns, and rats.
The slight indication of a steeper average decay than decline
for beach sand at Leroy, if valid, might be caused by a con-
tinuing influx of activity from some reservoir, such as the
crater, after the collection of the decay samples.

In @ few cases decay rates were steeper than decline,
probably because of uncertainty as to the decline rate: island
soil at Janet, beach sand at Belle and Vera, sea water on the
ocean side of Belle. The steeper decays of plankton at the
Mike crater and of be&ch sand at Leroy appear to have more va-
lidity. However, all of these cases could occur by chance in
the process of making as many comparisons 4s are represented
in this paper. Clearly the balance is on the side of steeper
declines than decays.

Decays tended to become more nearly level as time pro-

gressed for Acropora, Crenobita, tern, and rat, while for snail
the decays became steeper instead of less steep, and for plank-
ton, Halimeda, clams, and sea cucumbers the decays continued as
essentially straight lines in log-log plot.

The declines showing the mos* pronounced tendency toward
leveling near the end of the obsecvition npertod were Halimeda
at Belle, Janet, and Henry; leaves of land plants, Acropora,

and Coenobitea carapace at Belle; asd ses cucumber gut at Henry.
In some of these c&ses at least, tne noted trend is simuly a
vagary of sampling.

That the tendency towerd terminal leveling is not tne
general rule among the decline data is siggestet by the poattion

an

 



of the terminal point vith respect to the regression line. In
63 of the graphs the last point fell below the line and in 53
cases, above. Phe position of the last decline p°int was pre-
dominantly above the decline regression line for beach sand,
Belle land hermit crebs, reef fish, and Janet rats. It might
be suspected that for these organisms declines vere leveling.
The terminal points vere predominantly below the lines for sea
water, plankton, clam, sea cucumber, and tern.

Aesuming a constant, linear, log-log decay rate, and an
equal rate of decline, a11 samples regardless of vhether col-
lected shortly or a long time after detonation should give the
same level of activity when counted simultaneously, since the
early samples would have decayed to the level of the later

If the linear log-log decay and decline rates differ, then
the early and late samples should yield different values when
counted at the same time. When analogous samples taken on
different dates vere counted simultaneously, their levels re-
flected the relationship between decline and decay. This
relationship was evident for Belle sea cucumber integument where
the decline slope of -2.0 differed from the decay slope of about
-1.4 by the amount of the recount slope, -0.6 (p. 33).

Por Belle spider snails and the carapace of the land hermit
ecrabd no difference was apparent between decline and decay, nor
was there a trend in the recounts (p. 25 and Held).

Rapid decline and decayat Leroy

The steepest decline and decay slopes for marine organisms,
represented by Halimeda and sea cucumbers, were at Leroy. Rapid
decline might be caused by dilution from ocean currents that are
relatively free from radioactivity, but this factor would not
influence decays.

In view of the correspondence between decline and decay,
the rapid decline at Leroy undoubtedly reflects the ftsotopic
composition of the samples rather than any diluting effect of
ocean currents. However, some selective transporting mechanisn,
probably the vater currents of the lagcon, must have been re-
sponsible for bringing shorter-lived products to Leroy or
removing long-lived products.

That ‘he Nectar-derived short-lived products at Leroy were
not contrliuted by fallout its confirmed by the slow rate of
decuy of soil from the island proper.

a
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The interwal of 20 days after Nectar, before the firat
leray collections of Halimeda, vould sllow time for the
currents in the lagoon to transpurt products of the detonation
to the vicinity of Leroy. Prom earlier, unpublished data on
tne detay CuF¥es POF Collactions cf merine crebe, anatla, eoral.
and sea cucumbers from Leroy on Nowember ©, 1362, four days
after the Nike shot, it was clear that decay slopes vere no
steeper at Leroy than at other islands.

Assuming similar spectra of half-lives from Mike and from
Nectar, this four-day interval is believed to have permitted
fallout, but to have been insufficient to allow such selective
transporting by water, of short-lived products to, or of long-
lived products from Leroy au may have occurred by the 20th day
following Nectar.

Through some unknown mechanism the long-lived residual
products from earlier detonations tended to remain in the
marine life close to the site of detonation at the northern
islands, while shorter-lived products tended to dominate in
marine organisms at the greater distances represented by the
southern islands within the confines of the atoll.

The distribution and uptake of short-lived materials at
Leroy should be made the subject of further study because of
their bearing upon the duration of radioactive contamination
of marine habitats.
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SUMMARY

Trends with time in the beta redioactivity of invertebretes
and other organisms and substances were traced over a period of
about tvo years, from shortly before Nectar (May 14, 1954) to
April 1956. Extensive observations at one locality, Belle, vere
supplemented by study at severe] other localities around the
atoll.

Absolute levele of radioactivity are summarized in Table 23.
Outstand values expressed in disintegrations per minute per
grem (d/a/g) of wet tissue vere: for pre-Nectar coilections on
Anpt} 15, 1958, high valugs, tern feathers 3x10", clem kidney
727x105, and snail liver 10°; low values, fish muscle 200, and the
branching coral Acropora 600.

Maximum levels of 107 occurred within one veek post-Nectar
in plankton at Belle and Leroy, and in tern feathers at Belle.
Post-Nectar levels vere low for rat skin and suscle at Janet,
2 to 3x10 and for fyen muscle et Belle, 7000. Acropora was
intermediate at 3xl0.

py 700 days post-Nectar, the levels had decreased to maxima
of 10° for clam kidney and Coenobita (land hermit crab) carapace,
and minima of 100 for Acropora and estimated 30 to 40 for tern
gut and muscle.

The decrease in amount of radioactivity in a certain sub-
stance at a locality with the passage of time after detonation,
has been termed decline to distinguish it from the physical
decay of individual samples.

The declines and decays were plotted logarithmically for
comparison with the approximate theoretical decay rate, t-1.2,

for mixed fission products. Correlation coefficients at or
beyond the 1% level of P were demonstrated for the relationship
of log of activity to log of time after detonation in the cases
of survey meter readings, some island soils and beach sands
most sea vater samples, some plankton, most Halimeda (algae),
land plant leaves, Acropora, tridacnid clams, most spider snail
tissues, land hermit crabs. sea cucumbers, reef fish, tern, and
most rat tissues.

Levels of activity in the first few days were in some
cases too low to align with later points in logarithmic plot,
suggesting that @ preliminary pertod of build ‘p is required in
these organisms, part‘cularly coral, sea cucu...er, fish, and
tern, for the radioisotopes to attain equilibrium with the non-
radioactive constituents of the tissues.
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Levels of redicectivity in representative materials
anu organises et mmivetox Atel) before, and up to teo yeere
after, Nectar detonation, May 14, lLy54.

Subetance or tissue Locality

Deta from decline grephe.

a/a/g wet, or a8 indicated
 

 

Pre-Nectar, Post-Nectar
April 5-15, sexioum At 700
1954 observed days®

Survey meter, open Belle -- 400 ar/nr)s 1 ar/hr
Island soil ° oe 30,000,000 30,000
Beech sand ° -- 1,000,000 10,000
Sea weter ° -- $0,000 1l-.01
Plankton ° 10,000 10,000,000 2,000

° Leroy 20,000 &,000,000 200
Halimeda (alga) Balle -- 100,000 200
—T 2,000 1,000,000 100
Green leaves Belle =< 5,000,000 1,000
Acropore (coral) . 600 300,000 100

Clam visceral mase . 20,000 2,000,000 1,000
" muscle ° 400 40,000 200
" kidney " 20,000 1,000,000 10,000

Snail liver . 100,000 $3,000,000 20,000
. muscle . 7,000 $0, 000 3,000

Coenobita (crab) liver ° 8,000 2,000,000 2,000
¥ cerapece ° 10,000 2,000,000 10,000
. muscle . 4,00 80,00) 1,000
" gut " 20,000 6,000,000 2,000

Sea cucumber gonad . 6,000 200,000 1,000

" " gut . 20,000 $00,000 2,000
. ° musele ° 2,000 100, 000 400
. * integument * 1,000 160, 000 200
. . gonad Leroy -- 30,000 70
, . gut . -- 50,000 200

. . muscle , -- 200,000 50
° " integument *” -- 200,000 80

Fish (reef) skin Belle 800 100, 000 70
° . muscle . 200 7,000 40
" " bone . -- 100, 000 200
° . liver ° 8,000 300,000 3,000
, " gut . 9,900 1,900,000 2,000

Tern feathers & skin ”* 30,000 10,000, 000 200
* gut ° 70,000 600, 000 30

wuscle . 4,000 40,000 40

"  -vone ° 3,000 $00, 000 100
"lung " 20,000 200,000 600
° liver ° 59,000 200,000 $00
" kidney . 40,000 300, 000 600

Ret exin Janet -o 2,000 2100
* muscle , 1,000 3,000 200
. iver ° 900 10,900 800
. lune ° A00 6 ,000 70
,  widney ° ov 14,000 300
= gut ° tu, 200 AN, 000 80

done . lu, vas 29, 200 600

“From regression.
 

My extrapolation 1f necessary.
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Decline rates vere calculated on 4 logarithmic basis by
the method of least squares using tne Nectar test as origin
excert for rets, whose radioactivity was referred to the Marcn
1, 1954 detonation at Bikini as origin. The moat rapid de-
Clines with a slope of about -4% vere for sea cucumber nuscle
and integument at Leroy. At Belle the decline rates of sea
cucumber integument and muscle were about -2. Lagoon vater and
plankton near Belle declined at rates of -2.6 and -1.8, re-
spectively, Halimeda -2.1, green leaves of land plants -1.6,
Acropora after one month -2.2, clam tissues ebout -1.0, spider
oneit Siesues -0.6 to -1.2, land hermit crab tissues -] to -1.5,
sea cucumber tissues -1.6 to -2, fish tissues -1.2 to -1.9,
tern tissues -1.2 to -2.8 (gut), and rat tissues related to
March l, 1954, -0.8 to -2. (gut).

The residual long-lived products from earlier detonations,
particularly Mike on November 1, 1952, are considered to have
had an appreciable leveling influence on the decline and decay
slopes. Even so, with the exception of clams, snails, and
crabs, the observed decline rates vere steeper than the -1.2
rate for mixed fission products.

Decay rates of certain samples were compared with the de-
clines over simultaneous periods. Decline rate was steeper
than decay for Halimeda, Acropora, and for most samples of sea
water, plankton, and see cucumbers. Declines approximately

equalled decays for island soil, beach sand, clam, snail, and
reef fishes. Simultanecus data vere inadequate for comparison
of decline and decay for the green leaves of land plants, crabs,
terns, and rats. Only with beach sand was the decay somewhat
steeper than decline.

The diluting influence of rain and of the surrounding
ocean upon the radioactivity in the vicinity of the testing
areas is constdered to be responsible for the cases of more
rapid decline than decay.

When samples of sea cucumber tissues collected in 1954-55
at Belle were recounted nearly simultaneously in 1957, the
ear)y samples tended to be more radioactive than the later
samples, as would be expected when decline ts more rapid than

decay. Similar simultaneous recounting of samples of clam
kidney and spider snail tissues from Belle, where decline and
decay were equal, showed no significant iifference between early
and late samples.

Declines and decays of Halimeda and sea cucumbers vere more
rapid at Leroy than at more northern and eastern localities.
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Lagoon currents are considered to be responsible for
the teadency of marine, shallow vater orgerieme to contain
shoeter-lived redtofsctopes in the vicinity of the southern
islands, and especially at Leroy, than at the northern
islands where longer-lived products predominated. Sot] from
Leroy Island proper, which could not be affected by currents,
on the other hend, exhibited eas long se radiocactive life as
that from the northern islands.

Radiochemical analyses made in Pebruary 1256 by Miss
South, in which methods designed for the detection of fission
products were used, shoved that 52-618 of the radioactivity
in samples of spider snail muscle and asantile and ip aea gu-
cumber gut, and 10% tn clam kidney was due to Cel54-prl44.
About 50% of the activity in carapace and 5% in muscle of the
lend hermit cred vas due to Sr90.

Gamma spectrometric analyses made tn December 1956-May
1957 by Lowman, et al. of kidney and snail liver collected in
1993-52 at Belle demonstrated the presence of Rvl06-pnl%,
Mn>4, Co57 and Co°9. Resin column analyses, by the same
authors, in December 1956 of * September 13956 sample of Belle
Clam kidney showed Fe55 to account for 74% of the activity,
co5?--9. €, C058--39.2%, C060--1.88, y91--2.64, mn54--2.2¢,
and Rul06-Rnl06, 7r95-NbI5, and Pe59, together, --1%.
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