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ABSTRACT

|

The trend in bdeta radloactivity as measured vith sethane
flow counters over & period of about tvo years is shown,
starting vith the 1954 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 redio-
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, vhen nearly all of the radiocactivity vas assumed

to have originated.

Invertebrsates are considered in greatest detail, and
other organisms and materials are included for comparisoa:
1sland soill, beach sand, sea vater, plankton, algae, land
plants, reef fish, birds, and rats.

It is proposed for most organisms studied that after a
period varying vith the organism up to tvo to four wveeks
folloving detonation, a maximum level of redioactivity in the
field samples collected {s attained, folloved dy & decline
approaching linearity on log-log plots with slopes over the
ma jor portion of the tvo-year period that can be represented
es the negative exponent of the time after detonation. These
decline slopes varied greatly vith different localities and
organisms, reaching a maximum of > 3.

A fev decay rates of individual samples of each organism
or material are included for comparison, and these generally
vere equal to, or less steep than, the declines, suggesting
that for some organisms or tissues, the level of radioeactivity
in the environment decreases more rapidly than can be ac-
counted for solely by physical decay vhile for others the rate
of decline can be accounted for solely by the rate of physical
decay. Dilution by natural wvater currents and rain 1is pre-
sumed to account for the many cases of more rapid decline than

decay.




TARLEZ P CONTENTS

Introductioa
Methods

Results

Plan of presentation
Survey meter readings
Islend soll

Beach sand

Sea vater

Plankton

Halimeda

land plants

Coral

Clam

Snail

Cred

Sea cucumber

Pish

Birds

Rat

Variability
Radiochemical analysis

Discussion

Susmmary

References?

vi

10
11
14
15
18
22
28
25
26
29
32
35
37
39
81
a3
(9}

A5

43

82




RADIOACTIVITY OF INVERTEBRATES AND OTHER GRGANISNB
AT ENIVETOK ATOLL DURING 1953-55

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
vell as at occasional relatively great intervals of a year or
more later (UWPL-33, 42, and h3¥.

The present s°udy traces the trends in the beta redio-
actlivity of invertebrates by means of repeated observations
from shortly before the Nectar detonation (May 14, 1954) for a
period of nearly tvo years. Por comparison vith the inverte-
brates similar observations on other substances and organisms
are included, using some {nformation given more fully in
reports by other members of the Applied Pisheries Laboratory
vho deal vith their prodlems from different points of viev.
Palumbo (1957) reported on the radiocactivity in algae and land
plants. Held (1957) studied the trends of rediosctivity in
the land hermit c¢radb and discovered the preronderance of
radiostrontium in the exoskeleton. Welander (1957) described
the trends of radinactivity for the reef fishes of Belle Island.
Lowvman, Palumbo, and South {1957) reported the identity of the
radloactive non-fisslion projucts remaining in certain samples
collected in 1354-55 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 redio-
activity in a unified form and by as nearly identical methods as
is practicadble. It should be jossible in this way to observe
the generael pattern of change of redicactivity in living and
non-living materials. and to detect d!vergences froa the pattern.
Study of the trends in th's manner has proved useful (n nolnting
out materials of interest for rad!~lectsopic analysis by gamma-
ray snecirlsoEisry.




A comparison of the rete at vhich levels of activity in
orghaisms of the same species change vith the passage of time,
herein termed » vith the rete of physical decay, should
indicate changes availedbility of the rediocactivity to the
organisa cancerned. If decline 1is more rapid than decay & re-
duction of agtivity in the environment beyond that caused solely
by physical decay 1s suggested, and conversely, a steeper decay
than decline suggests either an increese in availadility in the
eavironment or an accumulation or concentration of redio-
sctivity by the orgsnism. Equality of decay and decline suggeets
that uptake and excretion of redioisotopes have reached an
equilidrium vith the environment. It vill be shovn that cases
in vhich physical decay progressed more rapidly than 4id the
rate of decline over the same period of time vere rare or lacking.




Radicactivity of common sudbstances and organisme at PFriiwe-
tok Atoll wvas evaluated in tvo ways, first by concentrated sty
involving many organisms collected frequently at one island,
Belle, and second, by less intensive study at seversl {slands
around the atoll in order to elucidate the geogrephical distri-
bution of the activity.

Belle Island (Fig. 1) vas the

ma jor collecting and observation st At
site, except for rats, for vhich 'T .

it wvas Janet Island. Callections gy €,
vere made on April 15, 1954 at ;L.:'E-;' .f'"
Belle before the Nectar test, aico N
almost daily for the veek after, - ———p©

and at increasing intervals later.

The second aspect of the study,

at several islands, involved pre- I

Nectar collections in April and

NMay, and nine to ten post-Nectar . _

collections, usually expedited celovroy (8-pt:) —

by helicopter, at intervals {in-

creasing froa one to nine months, i

at vhich time six 1slands. Henry, ,;';r"

Leroy, Alice, Olive, Vera, and

Bruce vere visited. The remain- N /

ing tvo islands, Janet and Elwner,

vere sampled at approximately

the same times in connection vith

other studies. Pig. 1. Map of Enivetok
Atoll

Survey meter readings vere taken frequently at Belle, but »n
only about half of the 7isits to other {slands. The Juno meter
vas used for high (Table 2) levels of activity and the Geiger
counter (Nuclear, MX-5) for lov levels. CSeveral spots vere
usually monitored vith the instrument one inch from the ground
and vith the shield dboth open and closed. Similar readings
three feet from the ground vere taken less f{requently and are
not included.

Por the distributional study on the various !slands a hand-
ful of {sland so!ll from the top .ach, {ntertidal beach sand a
fev milliliters of sea vater, aslgae. and thres see cicuzbers
vere laxen. Periodic trirs ty M-doat around the reriphery of the
lagoon, a mile or tvo centrally from the !slands, served for
sampling sea vater, plenkton, and pelagic fish by rod and reel.
Plankton tovs usually lasted from 15 to 3J winutes at frcs one to
tvo knots per hour using tvo 1/2-meter nets, fine (§>.23 of 173
msesh/inch) and coarse (No.€ of 74 mesh/inch) towsd smultane ously
from either sije of the M-toat. large fellyfish !f present wer~
removed and the samples rreserved by adding formalin to mage S€.
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At Belle Island. the invertedbrates u ually samrled vere the
k!ller claa idacna, the spider snall [antls, the land hermit
crad Coenodbita, the black sea cucumber Holothuria atpa, and the
breaching corals Acropors, Porites, Poc{llopora, and Helfopora.
Fish, and aguatic invertedrates vere usur ly collocted along the
north or ocean side, algeae on the lagoon and ocean sides, land
plants in the centrel portion, land hermit cradbs among the
bushes of the north edge, and terns nearby. Rats wvere obtained
centrally on Janet Island.

Invertedbrates and fish vere collected at low tide when
possidble. Blological specimens vere put on ice in insulated
containers and transported tn the laboratory at Elmer [sland for
immedlate preparstion or for freezing until time vas available
for dissection.

So01il samples vere dried and packaged for shipment. Flve-
milliliter samples of sea vater vere dried on 1 1/2-inch stein-
less steel plates and ashed, except thust in 1956, 100-milliliter
samples vere used because of the lov level of the actlivity.
Thgse vere treated vith sodium carbonate to remove potassium

contributes adbout 0.6 disin+- -»1%lons per minute per
milliliter), and then {{ltered .he precipitate used for
counting. Radiocesium 18 a® +3t by treatment with sodium
carbonate (UWPL-46: 10).

Plankton vas prepared by fillcering and removing as much as
1-2 grams to the 1 1/2-inch counting p®’ tes, drying, and ashing.
Prom occasional poor tows the wet sampl: ..ight was as lowv as
0.1 granm.

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 crad, gill, digestive gland or liver, gut, carapace,
and muscle of leg; from sea cucumbers, gonad wvhen suffliclently
plentiful, gut and contents, muscle of the body vall, and body
vall or integument vith or vithout attached ruscle: and from
corel. .he terminAal portions of small branches. Shell samples of
clams and snails vere usually taken from the thin edge to 'nclude
periostracum.

The term gut as used in this rerort (=0lic3 any portion nf
tie digestive tract not more specifically designated and ‘ncludes
the contents.

Sample size ves influenced somevhat by the natr:re of the
sample and the amount of radioasctivity rresent. When activity
wvas lov, larger samples vere used. Between 50 and 2)) milligraons
of ash vere usually considered desiratle, but velights ranged
videly, from less than 1) to more than 1709 mililgrams. Chell
and gut vith sandy content vere more llightly samrled on 3 vet

o —————



velght basis than soft tissues.

We ighed aa-gles of tissues in pliofilm bags vere dried
overnight at 10J° C and sent to the Applied PFisheries Labor-
atory in Seattle for processing.vhich wvas usually accomplished
adbout a month after collecting.

In processing, the samples in pliofilm bags were applied
to the plates(l 1/2-inch stainless steel, previously veighed),
ashed overnight at 5000 - 5500 C, slurried vith slcohol, and
dried. The plated ash received a fev 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-flowv counters.

Except in the case of rats, counts vere corrected back to
date of collection using the decay rate of island soll
(plate 7542) collected May 15, 1954 at Belle (Pig. 5, p. 11).
Por rats the decay correction vas based upon the individual
decay rate for each plate.

Self-absorption correction factors wvere based upon land
s0il collected June 7, 1954 at Edna, the decay curve of wvhich
(plate 9170) appears in Pigure 5, page 11. 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 wveight Self-absorption correction factor for countgge
in mg/plate Before November 1, 193 After Ncvember 1, 19

3 1.0 1.0
10 1.1 1.1
30 1.4 1.2

100 2.9 1.6
200 2.9 1.9
1000 k.3 2.5

Geometry and bacxscatter for the corunters and ;lates used
requlred a combined ¢nrrection factor of 1.54. Col.cildence
correctinn factors vere determineld sid apriled for the counters
emloged. For the decay curves rlate cnunts vere usedq,
corrected only for coincidence.

Arplying these correction factors gnve values in disinte-
grations per minute per gram (d/m/g) of wet t'ssue as of the
date of collection. Processing technigues are further discussed
in UWPL-43 and Wr-616. Three signif‘cant flgures vere retained
throughout the calculations, finally being rounded to tvo.
After plotting 4/m/g against time the nrdirute vas in some
graphs calibrated slso ir p’crocuries rer kilogram (uc/kg), assum-
ing 1 uc to equal 2.2 x l)g a/m.
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The Bectar test (May 14, 1953) was used as the édate of
origia except vhere othervise imdicated, but earlisr shots alec
comtriduted redicactivity to the samples studied. Bspecislly
the Bikini (Warch 1, 195{) shot comridbuted grestly to seme of
the semples. Residusl long-lived products from sarlier 4detoms-
tiems peior to 1958 rendered the curves less steep thaa they
would have been as & result of the 1954 series aline.

The treads of activity as relsted to time are of two kiads,
the physical decay of individual samples, and the rete of chaage
in activity of a certain type of sample at & certaia locsality.
To distinguish it from ohysical decey. the latter tread will de
referred to in this repart as decline.

Results are shown as grephs of the relatiomship of 1
ithe of redicectivity to logarithm of time of collection
detonation. The date of origin used may deviate somevhat froa
detonation day or the true origin vithout markedly affecting
linearity of the plot over the period of study. The slope is
changed according to the date of origin selected, But 1if the
same origin is used for dboth decay and decline, the tvo may de

compared.

Runter and Ballou (1951) shov on logarithmic plot the
theoretical decay of mixed slov-neutron-
initiated filssion products of U-23%
over & period from 1 to 1000 days as &
slightly curving line vith a predomi-
nantly downvard curvature (concave
belov) and a generel slope varying
from -1.0 to -1.7, aversging -1.2 (Pig. 2).
A similar presentation of the trends of
radiocactivity observed in the present
study facilitates comparison vith this
curve and vithin the study itself.

In log-log grephs it vill de con-
venient to speak of slopes or retes of
decline and decay as decoming more or

less steep vith the passage of time, and et
vhen the terms steepening or leveling are

applied to the trends, the log-log Pig. 2. Nixed fission
relationship 1s implied. A single product decay, gross
half 1ife vhen plotted semiloga- beta. (After Runter
rithmically gives a straight line, and Ballou).

vhile on the same plot a maixture of
half lives results in a line of
increasing steepness.

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




Plaa of presestatice

Por each of the ten primary sudjects of iavestigatioa
(survey meter readings, soil, veter, plankton, algae, land
plaats, iavertebrates, fish, dDirds, and rets), the treads or
declinee are showvn graphically, and in some ceses also ia
tabular fors. Por all sudjects the regressions alomg vith
relevaat data are drought tomether in Talle 1. Vhere avetllable
the pre-Rectar level appears near the left edge of the decline
greph as either a short horizontal bar or vedge.

Por the straight lines depicting the declines vhere line-
arity appears to prevail, the time span involved is stipulated
in Table 1 as vell as being showvn by the adbscissal renge of the
lines in the grephs.

Por conversion detveen microcuries and disintegretions per
minute the folloving relationship wvas employed:

1 uc s 2.2 x 20° d/m.

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

Y= Atb.

vhere Y is the amount of radioactivity at time t in days after
assumed detonation day, and a 1is the y-intercept expressed in
units of radioectivity of the regreasion line of slope b on day
number 1. Por example, the second entry in Tadble 1, survey
meler 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 -
Y « 2.5 x 103 t71-1% pr/mr,

vith a correlation of -.971, wvhich 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 decause declines vere corrected
back to date of collection, vhile 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 vould dbe detected.

Decay curves even on the same graph are not comparadble to
one another as to absolute levels, because of vertical shifting
to obtain compact presentation, dbut may be compared as to slope.
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- " miscel. gonad Henry w e " 8.4 x 107 1.97 9 .943 TS
" " ‘ ‘\‘t - - 7.9 x 106 1.7 ] A7 <1
. - - muscle - : . "7 12108 2.9 3 e 0
. . mel. LnCegument . 125-710 © " 4.9 x 10% 2.7% A L
- b miscel. gonad Leroy - " 5.0z 10° 2.%4 7 .932 :1
. - " gut . ” " “ “ e¢.4x 1013 4.18 7 .914
- " b muscle . 2 . nAS PR
. . - - 5.1 x 1032 3.7¢ .
" - - integument N 13-311 " * 2.5x 107 1.90 21 .965 <’<'i
Pish, all species  sxin  Belle " 13-311 S R S T -
» » - 14 " " " 6.7 1 - .
.o - Suscle - " 13-540 ~ o+ 1ls =107 1.77 22 .ev0 <1
L] L] - bone " 13-54 . “ 4.9 x 10° 1.18 23 .93 <¢}
. - " 13-710 . - o o® 17 .94l <l
- » liver Bell “ 14-30% 7.0z 106 1.23 17 926 <<l
tly fairy, festhers Belle " ot n " 1621 1.5 .
‘l‘o:n. .o: 7 .ry muscle : w " - "~ 2.112 10‘ 1.%68 17 .A3Y <<l
- . » bone _' - - " “ 1.4 x 10% 1.21 17 .8le ¢l
» - " 1\'5‘ " w 17 .a%9 ¢ ]
» » 2.4x1 1.31
. . . liver - . - = ~ 323108 1.38 17, 884 <l
" - " kidney . - - - " 2.8x10% 2.40 17 .97 < 1
L ] " . ‘\l‘ - - ™ - 7.7 2 lw 1.83 17 .983 (]
. o ¢ iesue 3/1/%4  121-380 " " 232105 1118 14 .7% <1
Rat, fur and skin Janet . 77800 - " 9.8x10% .®® 17 .M <1
*  susele : " - - *~ 1.3 2107 1.9 17 .922 <t}
*  bome - - 77-380 - " 2,7z 108 1.%9 16 .B43 <
° lumg . . 77-600 - " 7.82100 .7 17,578 "’(“:
°  lver . . - © " 5.2x100 1.12 16 .sn4
°  Eideoy . . 77-380 = " eazx10? 2.5 16 .me (1
L] ‘u‘




SNIvey meter reedings

Tebdle 2 gives survey mester readings at nine islands, of
vhich Bdna, ad jacent to the site of the Nectar detomation

(Nike crater), was highest, vith 600 mr/tr

on June 7. 1990

Pigure 3 shows the series of
reedings at Belle vith meter one
inch from the ground, the shield
both open and closed. Slopes of
the two re ssion lines, -1.1A
and -1.06 (Tadle 1) do not differ
signiricantly. The slope is
approximately that of mixed
fission product decay, sssuming
there wvas & slight leveling

influence due to detonations prior

to 195A.

-o‘.m - w 'A‘

Pig. 3

Table 8. Swrvey meter resdings ia nilliroentgens per howr
st eme imsh fram the on various islamdg of Emivetek
Atell ia 1904-88., TValwes ebove 20, with Jwme, others vith
Oeiger counter. 3Shield open emcept at Belle, first colwmm.

for shich, shield slesed.

12 L10

Date Alise Belle Daisy Eana Janet Olive Vers Remery Leroy
8/18/%4 h X, )
16 200
19 130
19 800
=" o 270
‘/&‘ 280
0
| 0 oo
3 9 o 20 )
4 T 7
y 23 70 e 800
10 20 60
1 19 80
1 13 3
3 ¢0 12 00 14 e
1/1/%4 10
16 13
N [ ]
18 1 12 o7
&0 [ }
17 o § . 10
W . 3
30 g 12
18/%/8¢ 20
ﬁw ) 1e 18
) S
1.9 3
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Island sol) | o

Pigure A shows the decline
for island so0il as wvell as the
oaly tvo observatioas for beach . 1
sand at Belle. The slope for
1sland soi1l of -1.06 (Tadble 1)
SoTRIITChAsu Civaely wiln tnat

of survey meter readings.

Prom an initial level on
the first day of 1? millicuries
per kilogrem, the island soll
declined fairly regularly for a
period of tvo years. The dip
at 130-200 days 1is reflected in
the decline curves for land
hermit crad but 1is not apparent
in the data for green leaves of
plants on Bells.

Figure 5 shows the decay of ; RO P, o
samples of island soil from Belle Pig. &

(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 soll decay curve -
is for plate number 7542 wvhich served as ¢
the basis for computation of the decay L .
correction factors for converting values ;+ \\\

back to date of collection. The same
factors wvere used for all types of
material except rats collected post-

Nectar at Eanivetok Atoll. The dashed, e g W e
early portion of the curve is not a ’ Doy Sy oy
straight l1ine 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 '\ Bitaind
dredged November 7, 1952 off Tilda ,north-
vest of Vera). This decay vas used for ‘
calculation of decay correction factors for -
the collections folloving the Mike test in ,
1352(Donaldson 1953:25), and for 20-1000 T

days its s.milarity to the theoretical ¥ |
curve of Pigure 2 is striking. It vas )
practically uninfluenced by residues from

previous detonations. The more pronounced
flexures in the curve for Belle island soil,
as vell as its generally more gredual slope I—~‘ \\
are the result of the influence of the Mike o, AR
test residues superimposed upon the Nectar

test effect. Pig. 6

\

~ v vevrr
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Pigure 7 - .1 P
shows island soil o oo - .= -]
decline slopes at \ - J
sites o%her than - .\ e -
Belle. Pre-RNectar e r ..

levels are indt- C : . ..
cated dy short « . NN - U
horizontal dbars at { Tx\" \° - :
the left edges of d ) \i .
the grephs. EKxcept ' . ’ ) r T .
at Bruce and Elmer, ! 1

the points are ( |

videly scattered ° !
and the trends poor- '
1y defined. Vari- -
ations in exact .

location of sample 7 v !
taking, changes of 2 i i
personnel, and the o} : .
use of single ! :
samples contributed :
to this variabllity. ‘

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

NL

[ '
SavYs AP TEIR waY 4 19%6

Plg. 7

Tadble 3 gives decay slopes of island s0il samples from
various islands over & time span of from one or tvo months to
more than tvo years. Slopes ranged from -0.6 to -1.3, averag-
ing -0.9 t 0.02.

Since the five s0il decay curves vith more than tvo points
are fairly straight lines, 2-point slopes vere used to expand
the scope of observations. The period of time covered by the
decays 1is close to that of the declines. Table 3 shows that
declines vere steeper than decays except at Janet vhere decays
vere steeper, and at Vere vhere decay and decline wvere equal.
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Island 901l decey retes with desliae retes for comparisen.

Table 3.
Re. of e
Locality Plate Date of Days . w“m
fter May Lt'uee
nusber  collection :l. Nsnf plate ats Yity., Ffoms
renge c ounted | 3 Teble !
697 6- 3-8 8= S0 2 .85 .9 1.8
o 7597A : §0- 580 2 1.8
. 75978 . 50-580 73 1.21 . L%
2 §.15-58 2%-910 . . .
Belle ;2:‘ b 49-870 Y .68
. 9189 6-19-54 49-380 2 1.32 1.2
| 773 70 6-7-94 49-910 5 . .
Janet 3;95 6-3-54 '9°g70 22’ ig'{ }; l-2‘7
6-3-58 29-870 . . .
o 7B O She 3 1z
7591B 6-3-58 48-870 2 .60 .6 .68
Vu;. 7291 } 49-379 2 .68 6
Bruce 7587 . 50-870 2 .90 1.0 1.69
. 91964 6-21-58 75-870 2 1.03
. 91968 . 75-870 2 1.21
AT
91% 6-3-54 49-870 2 .78 8 1
:::;; 915; 2 849-870 3 .90 .9 1. ;;
Leroy 7599 . a3-870 [ .62 .
. T599A . 48-870 2 .57

Table 4. Decay rates of intertidal deach sand, vith declines from
Table 1 for comparison.

Locality Plate Date of Days Bo. of 3S)o tiv
number collection after May times e cl ine
18, 19548, plate ality, from
renge counted sean Tedle
Alice 9707A 6-21-54 76-870 2 .88 .9 8a
" 9707 " " 2 .92
Belle 7581 5-15-58 48-870 2 1.13 .2 7
. TH81A . 47-870 2 1.18
. 75418 . 57-870 2 1.29
Janet 970% 6-21-54 76-870 2 .80 .8 79
Olive 97038 . TA-870 2 1.16 .8 8s
. 7594 6-3-54 89-540 2 .96
" TSRA AB-580 2 .65
. 75948 . 49-540 2 .5%
Vere 7592 6-3-58 89-540 2 .80 .9 60
. 75924 a8-540 2 a0
- 75928 " 85-580 2 .70
. 9701 €-21-58 76-870 . .76
" 9701A . 75-870 P 1.23
. * gzgél 6 " o Zs-evo 2 1.28 %
ruce -3~ 9-540 2 1.00 1.9 1
: 75888 E te-gbo 2 .83
. 9197 6-21-54 75-870 2 2.1
3197A . 7%-870 2 2.2
° 31978 . 7%-870 2 2.0
Renry 97118 6-21-54 78-912 5 1.7 1.” 1.88
Leroy 9799 76-870 2 2.2 2.2 1.39
971794 * 76-472 2 2.
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Reach eand

Intsriiaai = ponm g pon
beach sand at Delle . .

experimsntal period . N
(Pig. 3). These ' o )
sparese data suggest .
& consideradly low- .
er initial level 3
than for island 1 |
s0il, and & some- |
vbat lower decline e g — |
rate of -0.7. .

vas campled omly * . .
tvice, at the first ° \N5<\: ‘\\\\ . | |
and the last of the 3 - . "\\\ih NG

Pigure 8 shovs
beach sand declines
for eight islands,
and pre-Nectar lev-
els except at Elmer.
As vith island soil
there vas great -
variadility, possidbly
because of the con-
tinual shifting of
the sand. The
northern islands vere rPig. 8
only slightly more
radiocactive than the
southern islands, dut the declines at the southern islands,
especially Henry and leroy, tended to be steeper than at the
northern i1slands.

=

N

$

. ‘e L _J
SNe APTER wav 6, 1998

The slover decline at northern than at southern islands
is probadbly caused by a greater residue cf rediocactivity from
previous detonations (higher pre-Nectar levels) at northern
localities, poasibly associated vith the wvater currents.

The decays for beach sand are given in Table 4, page 13.
Except for Heary (Pig. 5), these are dased upon only tvo
points. Beach sand decays were appreciadly ateeper at the
southern than at the northern islands. The relationship de-
tveen the slopes of declines and decays wvas inconsistent. At
Henry decline slightly exceeded decay. At leroy decays vere
steeper than declines, and at other localities differences
vere negligidble. In generel, decays were steeper than
declines, although not convincingly so.

’L e -
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Sea wvater

Sea vater sampling vas most extensive at Belle as Tadble 5
shovs. Data from plankton stations at Belle, lagoon reef, and
ocean reef are presented separately, wvhile at other localities
all of the data for an island are combined.

Toble §.  Nedicastivity of sen Wter cmmples anpresced 0o disindegretiens por miawte pev militlioer
(¢/a/al). The valus iadisetes We sanples NPt There the Bumber of camples felleww e parenthusds.

Day Dase Alles Bima Flare Jemet Olive Varu Brwse Desp Wide Oewry Levey
erater tr. MNese.

statien reef reef
1 8/18/%4 2800
t 16 90
3 217 £00
¢ 18 123(2
pe

:;i
:

17 [ ) 30 Qo

gt:’.':‘%‘
g2 il

gca

888
e

:,ﬁ se)ss
L

11/8/%¢ 7.6(2
e

. — 1.3
2/28/88 8.0 .41 P81 10

1 amisee  b.ald .6Tia  .372 . ‘el ‘aalt gel
1 com
y_& O N .08 A8 K ..

Aeditizeal data: ¢/21/8¢, Tvemme, 31, amm Kimer, ¢0; 7/34/8¢, BDaley, 68{(6.




4 9 shows the declines for sea vater at 12 localities.
Variadility wvas moderete except for the lov values of early
points for the ocean reef at Belle. The slopes were steeper
thaa for mster readings, soil, or beach sand at most localities.
At Belle, omtitting the early ocean reef collectioms, the slopes

34 - A SR SRR - —

L s oo @ LYY ) - - ane !
! ) aaum - |
‘ . oo +rerne
- $ } . ‘.
. \.\’ . A
- "\. R v

ub \\k v e N ‘ . .\\ ‘
.\ X \ . |

i

t

!

a8

' .

*:T»—w—
R

-~

} 1
1*-f*x4%;.f;‘.z*h;:::::—“h w.x ‘oo xt_ o e

- e @y 6 GBS -—p e an

Pig. 9

vere a&s steep as at lLeroy, in contrast to the declines for sea
cucumbers, beach sand, and algae, vhich vere much steeper at
Leroy. .

Pigure 10 1s & scatter dlagram
of the sea wvater decline data of
Teable 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 shovn as wvell as the steepest
line for all data other than that of
Belle, outer. The data for the sea
vater sampling at Enivetok Atoll
exclusive of Belle ocean reef give a
decline slope of adbout -2.2.

Pig.
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The decays for sea vater are given in Tabls S5 and Pigure
11. Counting errors vere large because of the low levels of
nearly all of the later counts. The contridbution to the
rediocactivity by vay compensated for by subtrecting 1
from 288l SSunt per alhule per 5 williliter plate. One ccunt
per minute per plate vas equivalent to 3 d/ma/plate, because
the correction factor for geometry, back scatter, and :elf
absorption wvas approximately 3.

Tadle 6. Desay retes of sea water samples ¢ollested at Enivetel
Atell $a ,» June,and July 1984, with ommlot desliine
retes frem Table 1 for comparison. Dats fer Pig, 1l.

Curve Plate Lecality Time spen i m
aumber numbere after «y ’
8/14/84, of frem
desay ufm Teble }
1 7567-68 Belle, ccean side 33-430 1.3 1.88
] 7800-70 °* . . 33-430 1.9 1.80
3 7878-7¢ ° planktom statiom 88-910 1.3 2.30
¢ 7808-86 " ssean side 39-630 1.9 1.80
s 003-0¢ " lagoon side 100-800 1.0 2.0
e 79304 Wide Passage 100=-300 1.8 2.40
” 7678 Lerey plankton sta. 83-040 1.8 2.41
s la . it . 49-940 1.8 s.41
® oTe8-06 °* bl b 100-300 1.4 2.61
10,000,

The data of Table 6 for the
9 sea vater decays are graphed in
Pigure 11. With the exception of
Belle, ocean side (curves 1, 2,
and 4) vhere decline was unusually
gradual because of lov early
values, declines wvere steeper than
decays.

The decay curves tend to
level terminally, even after sub-
tiaction of the activity due to
x *

QANOAL T iy TY




Plagkton

Amounts of redioactivity per unit of wet veight of plank-
ton in samples from each tov appear in Tadble 7, and on the
basis of ash night. in Table 8. This dual analysis t= ¢n-
tended s svaluale the appropriateness of the vet basis as
compared to the ash dasis in considering the radiocactivity of
plankton. Where simultaneous fine and coarse mesh tovs

Toble 7. OGrees bets recienstivity of planites samples in thousemde of ¢/W/g of wet weight
ot Enioetes A%oll im 1964-84.

Dmte ke creter |Vers Deep tntramse ¥ide Passage o
faise ' ’3‘ m !k" r "o | s if".’
s/ea/5e | 13, ‘ 10.0 2.3
s/1e 2900 P170, 2600 m
e,y 070‘ 1380900 i 86q s70
m C Lo, 18 : 18 8 4l ORI 1)
+ ¢ ‘s t e . LY RS 1 “113 ¢
) o i 5% 1190 i - 68
0 ‘ .33 9.1} 19, 3 63 | » ag 2.8
1 RS 1 33 0 e, 7.6 T 12 1 2.8
‘ A0 | “2 7 6
1 otixo ¥}i§ - v'*. > " >~— ,J + . ., 3‘ . 3-
' [ ] {
11,/87/84 . [ 3} ™, . 58 ao
! . 220 121! | ss
2. LM - a4 1,01 {11, 6,2
mc . l.i 0T SR "I s *u’*n‘ ’I‘r*‘ri © 1678
3/1!/'. 3. ' 4.1 2. 21 L J82- "
’ ‘ i . . ' ¥
3/21/%8 7.4 : ’;.s ;gd ‘ ; ’
7,7, ——— ¥y bert = b T
| " 3.8 2.3 .52 22
. wlk

‘!"’"‘_illililek-‘“‘t‘g’{L,ii’El-*-_

Additional “? mesh®: on 5/6=8/84, Junet 9.6, Yvomne 1.8, Bruse 2.0, Blamer 2.5, and Heary 3.4;
on ¢/37/36, Rruce 0.73 and 0.69.

fPable 8. Gross bets rediosctivity of pianston samples in thousands of 4/n/g of aar weignt
at Eniwetox Atall {n lvS4-86.

Date Bike creter or. 'Ueep Fntrance Wide Passage|lLeroy
k‘ - 'no n” #20 n no,’“ ao B !’n?u, “Ih’o
‘ iox’ : st 3.5
aaood mooo J 76 BACOO
3000 , 840Q 4800 10100 4230/ ‘6460 : 76 2430

,L , 129 ,cu‘snf‘n 963 12 142
98 ‘ oqh«}a“ %nd

147 : uo'm o ]
797 217 M 748 uoa
87 861 16 213,1
/aq  3v60; sooo ! a.s _

mb ‘ L3 + - -
1% * 1316 «
78 1200 ; '
ang 3410 ; ag;g 208’
sgeq 1250 2 1270
* » 3 » 1) m m
808 M!‘& * ¢ ?:g ﬁ
18 104 u.-
V1e/38 22.4 L et
3/a1/%8 1.8 ;&
“ .0 .‘ * . * 5 d
/58 1.8 12.¢ 2.4
10/39/38 ! ' B.% ,
} B.3

sesitienal ®Y seeh”: ¢n 3/8-4/54. Jemet 58, Yvonne 59, Bruse 74, Llmer 78, and fenry 26;
on 4/B7/%8, Bruse 1.36.




permitted comparison, the data are shovn separately, and other
data appear in columns headed vith qQuestion marks for mesh,
usually either No. 6 of 74/inch or No. 20 of 173/inch.

Tadle 9 shows for the paired tovs the ratio of the activ-
ity per unit veight in coarse mesh to that in fine (No.6/Wo.20
on both a vet and ash veight basis.

Table ¢ Ratle of radiesotivity ia towe vilh cenree mooh te flae mped
(#6A020) e wot and aon veight Bosee. Dats frem Tadles 7 sad §.

Rime Deep Vide
Jate __ Ielle Lretar Yore Iatrence  Passege  iersy

195 et Apd Wer A0h Mok ASD MB%  App Wt Asd ¥Rt AMD

SNs .88 1.81 .33 . T 2.00
'Y, ] 27 .8 49 1.23 229 2.39 1.78 3.98
7.3 9% .98 2 .8 N TR .98 1.11 1.8 .88
N 1.3 1.8 3.62 ).67 %9 .70 1.61 1.77T 12.0 6.21
10/182 .3 .7 0% .78 %% .80 6.81 2.9 6.8 1.3
11/6 ‘3 1.% 41 .71 1,09 .09 1.3 1.65 1.3 1.3
11/26 .7 .89 9% 1.9

11/26 .33 .6

u/mam .08 .62 1.26 2.20

8V o4 1.82 .22 .9 1.97

123 .42 .60 1.1} 1.68 .83 a8 1.8 1.7
12117 .18 .90 -3 111 1.32 1.6 7.% 6.% .21 1.0

Betveen the northern localities of Belle Island and the
Mike crater and the southern localitlies of Wide Passage and
Leroy Island, there vas 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 vith fine
mesh nets at northern, and vith coarse at the southern and
wvestern localities.

Whereas, 1in 1352 (WT-616) significantly higher radioac-
tivity occurred in fine mesh net hauls than in coarse, the
present data show wide variation. On the vet basis the coarse
mesh was higher in 18 pairs and the fine mesh in 25 pairs,
vhile on the ash basis the figures vere reversed, the coarse
mesh was higher in 25 pairs and the fine mesh in 18 pairs.
Thus, neither vet nor ash vasis shoved a significant differ-
ence due to mesh size.
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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 vere used to
determine variability on the wvet as opposed ¢C ths ash basis.
On the ash basis, variance vas only half as great as on the
vet basis, thus, ash is considered the better basis. Con-
version to logarithms vas necessary to normalize the skeved
(vith peak tovard the left) frequency distridbution of the tvo
arrays of ratics.

o

Pigure 12 shovs 0,000\ ' i [ " }
the decline for : \ scLe NIKE CRATER | vERa
plankton samples at : \\, ‘ l

6 localities on a 000" \ i |
vet veight basis . !
using the data of N :
Table 7, with the 100: . :

tvo values for paired
tovs averaged.

s

Except at the
Mike crater and Vera
the declines vere
steep, ranging from
-1.8 t» -2.61 as seen
from Table 1, with an
average for all locali-
ties combined of -1.96,
vet basis, and -1.74 on
the ash basis. The
gradual decliine (-1.0)
at the Mike crater could
be the result of continu-
ous leaching of radioiso-
topes, from the crater
into the water, theredy ’ . !
maintaining the activity °'% ‘ b . b A J
of the plankton. At 4 0 00 000 D e iges 100 1000
Vera the trend !s too a
poorly defined (P> 10%)
to permit comparisons.

3
g -

*
+
+

wiO€ PASSAGE OEEP ENTRANCE

d@mrg a0 wet

Pig. 12




B

Plankton decays vere
unusually uniform, as showvn
in Pigure 13 and Table 10.
The mean und standard error
of tne slopes of these 18
decays are -1.39 ¥ ,02.

This average for the decays
13 less steep than the de-
cline of -1.74, ash basis.

At Belle Island, the
Deep Entrance, the Wide
Passage, and leroy Island,
the decline« greatly ex-
ceeded the decays i{n steep-
ness. At Vera the scatter
of decline points is so
great that the slope 1is
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 vere
steeper than decays.

RAQIOACT viTY
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Tatle 10. Dats for plankton decay curves »/ Fl,. 13.

Curve Plste Locality

no. no. collesc- May l4¢,
tion 1954,
renge

19014 belle 12/27/54 230-950

A277 Belle 11/6/54¢ 195-940
264 Wide Fassage 13{1 54 195-940
8253 Belle 9/1/5%4 147-440
4287 Belle /54 196-940

8287 Deep Fntrance 11/6/54 196-940
19017 Leep Entrance 12/17/54 240-940
8234 Helle L %M 134-940
19034 helle 2 /12/58% 138-940
8220 Leroy 6/9/54 55-940

s Pt o e e e P
N PO UN OQODIIP PS4+

19098 Bellse 3/21/%8 330-460
294 Nixe creater 11/27/54 238-940
3293 Nixe crater 11/27/54 238-340

19067 belle 321 340=-940
R2¥2 Nixe cratar 11/27/%4 480-940
A253 ®ide Passage 9/1/5%4 146-44C

3/14/%% 330-94C
S/1v/%  41-930

-

12068 Leroy
19 A217 belle

Lbate of Deys after

Pig. 13
Slope, no’stlvo
ocay ne,
ash basis,
Tavle 1.

l1.46 1.52

1.36 1.%2

1.38 2.7

1.37 1.%2

1.32 1.%2

1.36 1.93

1.40 (.33

1.%4 1,52

1.2 1,%2

1.%51 1.9

1.39 1.%2

1,37 1.0

1.4% 1.0

1.68 1.%2

1.4% 1.00

.28 2.3

1.3¢ 1.9

1.3 1.%¢
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Hsllimeda

The calcareous alga, Halimeda, vas the one most commonly
sampled at the various islands. Pigure 14 shows that the
absolute levels of radiocactivity wvere nearly uniform from
island to island. The highest levels and the steepest decline
vere found in samples taken at Leroy. Variability wvas lov
because nearly every point 1s an average of several samples.

At Belle the points fall in a curve, nearly level at first,
steepening to a maximum 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 1S and Table 11 give decays for 9
localities. In addition, five later saamples
(plates 6963-73 from Belle on July 22, 1954)
counted 84 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 vater
and plankton in being nearly straight for a
long period.

Table ll. Desay retes of samples of 4elimeds st
rine loselitice. Uste for Plgure 15. -

Zurve Plate Losslisy Dete of Segetive

numbese nuaber coliegtion slope te
600 days
1 8322  Belie 8/18/84 1.1
4 346 ° * 1.3
3 6348 ° ° 1.3
4 s . a/7/04 1.8
] [~ * } * 1.4
[ Wee Allee 7/20/34 1.8
b 0088 Juaet . 1.9
[] 017 Olive ® 1.4
[ ] Wl VYue e 1.3
10 0008  Y-imme . 1.8
11 0908 nrwse 1.6
12 030 tlmer . 1.4 Pig. 15
13 03 ey . 1.7
e W30 lLeswy ° 1.8

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

The green leaves of land plants at Eelle \
vere selected to shov the trend of activity RN
in terrestrial vegetation. Pigure 16 shovs L\
the decline of individual plate values as a :
scatter diagrems upon vhich are superimposed o
the calculated regression line of slope -1.63 -
from Tadble 1, ard 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 resemdbles the trend —
noted for Halimeda at Belle, in that 1t
increases in steepness at first, and then
decreases. It differs in dbeing
steepest at 20, instead of 100,
days as vith Halimeda.

Comparison of decay with
decline for leaves taken at o
Belle is complicated by the .
scatter of the decline values
in the period 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

T

averaged -.54. o \\\a
Decline for this period ’ A
lies betveen 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. oy
g -] FOR OTHER CuMvEs; 1000
3ince the decay rate of oRTs ArTER wAv et v
-0.54 falls far short of the Pig. 17
maximum decline rate of -1.63,
md 1’ only slightl’ greater '{:::o’i:;"l):.;.::?o of samples of green lsaves from
than the minimum of ‘O.us, Curve Plate Species Xind of Somtn Segsti
the rate of decline is con- na neber e ey i
sidered to exceed the rate of - aiian dore
decay. 1 6348  3sesevele yrang My 18 11
2 10220 sprout S‘t" ? 38
« lomis s A ‘e
[} 10800 b spical Bev. 0 3 _J
s oEe PRERR, 3T 0
PR EE




Coreal

Acropore vas the most common coral in the collections.
Trends {n levels of activity of three othe.: genera of corels

vere similar to Acroporas, 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 showved sig-
nificantly greater activity

in Porites than in Pocillopora.

Figure 18 shovs that a
fairly rapid and uniform rate
of decline prevailed from 36 to
71J days post-Nectar. Table 1
gives -2.23 as the slope. From
1 to 8 (average 3.6 ¥0.5) plates
vere the basis for e2ch 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.

Ldas X 2. 4

Tetle 13. ULetay retes of Aepopory samples
frem Belle. ULate fer Pigwre 1S.

Zurve Plete Coliseting Beget!ve slepe,

naber sumber dets fitret te last
reismte
1 o0  3/72/% 1.79
2 0 . 1.00
) sore . 1.00
. 11563 oﬁ(u 1.00
» 11300 1.8
[ 11588 . 1.3
’ 11308 . 1.00
] 17088 11/30/% .00
. 17080 . .90
10 1787 . N
11 in Ve N ]
17889 3/31/%8 .9
13 1788 . 1.08
1e 178" . 1.0
18 17880 LANS 1.08
10 178m . -
17 17e80 b N




Clam

Tridacnid clams,
mostly Tridacna crocea,
vere sampled at Belle
over & longer period
than other invertebrates
except crabs. Numbers
of specimene used on
each collecting date
ranged from 1 to 5,
averaging 2.1 £ 0.2.

Pigure 19 shovs the
declines for clam tissues
at Belle. The early rank-
ing of the tissues from
most to least redioactive,
vas visceral mass, kidney,
g1l1l, 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.

Pig. 19

Early absolute levels ranged from 20 to 1000 uc/kg for
muscle and visceral mass, respectively. Two years later the
renge vas from 0.1 to 4 uc/kg for muscle and kidney, re-
spectively.

.




Figure 20 and Table l&
give the decay data. Kidney
decay, like kidney decline,
vas comparatively gradual,
indicating the uptake of
longer-1lived radioisotopes by
this, than dy other clam
tissues. The comparison of
decay and decline in the last
tvo columns of Table 14 shows
that decay and decline vere
approximately equal.

Table 14. Dexay retes lor tridecnic csles tissves fres
Belle. Deia fer Figure 30

Curve Plste Tisowe Lete of fegetive slope,
mEber number colleation firet te last
pointe
e ey Lesline
1 11400 wmeele °/7/5%¢ N ) .90
] 11608 viseorel mnse 9/7/3¢ K 1.07
3 11ed g1l 8/7/%0 1.1 ‘oo
. 11318 kieney mmo o n
Y 088 xitmey [ Ya 1 .8 3
[ S8l4 [iemey 5/%6/%4 .8 .M
? 8684 rxidmey %xw : .
[ ] | ] i Gnoy 5/18/%4¢ . .7
4 11313  mantle s1e/%e .8 .98
10 11318 g1 a/19/8e 1.1 .90
1 1131¢  suwsele [ 72%) N ) .90
12 1162 Eiemey /7 .6 .n
13 11317  viseeral msse §6/19/%¢ 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
crad 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 squal to the rate of decay; in
fact, decline could be accounted for solely on the basis of
physical decay. Such an equality wvas demonstreted by recounting
clam kidney samples in October 1957, 2 to 3 years after they wvere
collected. When the 39 available plates of clam kidney collected
6 to 536 days after Nectar wvere 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 1s, the early samples vere neither higher nor
lover than the later samples, in a statistical sense. The
correlation coefficlent of log activity related to log days after
May 14, 1954 was .05, vhich, for 37 degrees of freedom falls
short of even the 10% level of P. Results vere similar to re-
counts of samples of snails and sea cucumbers vhich are graphed
in Pigures 24 and 30 respectively. Clam kidney resembled snail
tissues in that ear.y and later samples vere alike wvhen recounted
in 1957, while for most sea cucumber fissies the early samcleas
tended to be more radioactive than later samples vhen all vere
recounted in 1957.
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Pre-Nectar samples of clam kidney collected April 15, 1354
vhen recounted in 1957 contained almost (70¥) as much radio-
activity as the post-Nectar samples, indicat:ng that miuch more
radioactivity vas contributed by the Mike test, Nover.er 1, 1952,
than by later detonatiocns, chiefly Nectar.

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

Lovman, et al. (1957:2£) showved by resin column analysis on
December 18-2%, 1356 of a sample (plates 1282 and 1284) of clam
kidney collected at Belle on September 22, 1956, the folloving
radioisotopic composition:

PeS5 ----e-o-- T4% Co60 --ceeeoe 1.8%
€057 commen-- 9.6% RulJ6-pnl06 __  7ag
€058 -ceeee-- 9.2% 2r95-m95 ---- ,15%
Y91l oo 2.6% Ped59 ---oeee-- .15%
T 2.2%

The preponderance of Pe55 is missed in end-vindow beta or in
amma countl because of the lov energy of its emission

70 KV X-rays). At the same time gamma spectrometry of the
sample above as vell as tvo other analyses of kidney samples
collected at Belge in June-July, ggsh and March-November, 1955
shoved only RulO6-Rnl1)6, Mn5%, CobY, and Co57. It 1s probable
that Fe55 would have been detected by resin column analysis of
the 1954-55 material.

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-radloactive heavy elements to be bromine, strontium, and
zinc, vith a small amount of {ron.
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The spider snail, lLambis, wvas sampled at Belle once beforo
Nectar and ten times after Nectar vith the results ahoxp
FPigure 21. Each point is based on 1 to & (average 2.3% 0.5)
samples. Liver, at » 1000 uc ”-». wvas the most radioactive tissue
sampled, followved by gut, viscera. mass (not shown), mantle,
shell, and muscle. Visceral mass, collected 116 to 311 days
post-nectar, vas similar to gut in adbsolute level and in trend
over this period.

§— s y :. - ¥ P [ "}. . - — . N . “ v i
Ooye oreer samy @ 008 - Daye o ‘,: ose = ~O —— ~.-’~ - - b" - ...v - k>
Pig. 21 Plg. 22

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

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

Snail post-Nectar
decays almost equalled

the declines. For liver Piause gy, CSUUT TSNS TOT lamRlg ot Belie. Date for
and shell the declines Curve  riate Tiesve ete of Dete vr .
vere slightly steeper mumocr number Uhiee- originte %?,E'&*m
than decay:, wvhile for forves  eaye
mantle, gut, and muscle VooRn e vwenqg/e oW s
the declines and decays o ST TR . 298 .
vere approximately equal. : :: matie . h: ;:
’ 1 sasie myu tno/u ™ .-
The possibility that sowd N S S
the dstonation v marchn i, W one L. . o S
1954 at Bikin! contributed - ik -7 110
the greatest amount of the ? E§ EE} 5 . ;é L1e

activity in snail tissues,
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sas examined by msans of the decays. Decay rates themselves
Pomnieh 2 2lus S the dalée Of urigim, if 1t 1s assumed that &
constancy exists 1in rete of decay from one test to another. Por

e s e

ot any one tissue the siope of the pre-Nectar curves vhen related to
ore the appropriate origin might be expected to agree vith the slope
2) of post-Nectar curves during the corresponding interval after
Nectar.
tissye
€, Using the Nike test as origin, the counting period of the
Rys first five pre-Nectar samples vould be 650 to 930 days post-Nike,
~end and the slopes MW Pi 22 of curves 1 to 3 (shell, liver, and
{ muscle) vould be -.98, -1.61, and -2. 03, respectively. The
cmoopondmg sloro or the post-Nectar shell, liver, and muscls
samples (curves 1 2, and 15) during the interval 700 to 900
days post-Bectar vere -.92, -1.36, and -1.55.
A This agreement betveen Nike-derived and Nectar-derived
N ARy slopes is satisfactory, especially if allowvance i® made for some
e carry-over of long-lived products from Nike into the post-Nectar
{ \\‘-\\ material. According to this hypothesis, no great proportion of
DN the rediocactivity of pre-Nectar anail samples could have deen
NN contributed by the detonation of March 1, 1958 at Bikin!l, since
N \§\ relating curves 1 to 6 to this date gives slopes of -.36, -.57,
N -.75, -.68, -.62, and -.28, vhich are not steep enough to corre-
N spond vith slopes of the post-Nectar samples. Therefore, curves
e M 1 to 6 {n Pigure 22 ere referred to the Nike test as origin, and
T the remsinder to Nectar.
L 22 o Vioavae :‘{.‘;i.“n". Teite, tem ie tares Tear afver
: The decay curves of Seeter. imte for -lewre 83,
¥ clams. Pigure 22 are unususl in et avr emlietiem T Ao o .
verte- that they tend to steepen Siameie | Piate leclesing
gher with time Nth.l' than to 1100 emys alones
“equal. level out. This varia- v - o] im0 sre
: tion suggests that their HECL- S o X = "
delle. semi-log plots might be Poime i w -~
», linear. Therefore, these . Inw ahs : ue -
»pness. and other curves are shown S irms iisee et e o a
on semi-, insteed of log- 0 e WA . o 0  *
log plot in Pigure 23, and B N e oo .- T
the data appear in Table oo UAS. - bt R
16. Severel of the curves ¢ 7w lisame - e ™
do approach linearity indi- 18 1w ioene w w o
cating & single half 1life. 0 e VA : "o -t
e 8 inm e - bro Qi
LI (] okl awele bl 0 »e
”» uW VA . e e M
» "-un  aAae * L J ns .
i PmMR L~ = oma
: Sepotat slepan, and groghus:
- ine A fhe o -
B . mL R ETE o=
- \z \ \\\\‘s EME 2.5 E
: wmoaR =TS OE
- . e LAVS S m
1 L/ atd ) ol e
5. Ty, —~ -—tlie | ol o d
AAASANBERARE 1™ 1AW el » haad

———ma @ wt w0 @ o

rig. 23
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Tadble 16 indicates that during —_ . )
the time interval from about S00 to ‘g . °y.
1100 days post-Nectar, half lives of . :

about one year predominated even
among samples collected before
Nectar. The one-Yyear half life 1is s .
substantiated by gamma spectrometric S SRR RS
analysis on May 10, 1957 of plate .
5797 (Pig. 23, curve 3) by Lowvman o
et al. (1957:34), vhich shoved the ‘e e o 5.
rtdloiootopicogonati uents to be e .
primarily RulOO-Rh106 of 1-year half m~

life, Mn>% 300-day, Co57 267-cay, ——— =
and small amounts of Co00 5, ,2-year. . .
Using the t test, the average half :
1ife for liver vas significantly
longer than for mantle (P - 0.2%),
gut (P « 1%), and muscle (P about
5%), but not significantly longer
than for visceral mass or gonad, or
saorter than for shell.

v mfee o

S

The high levels of radioactivity - -
of Belle snails made it practical to T °°
observe radioactive decay over as s ———
long a period as three years. Nearly .
sll (103) of the snail samples — . § s
collected in 1954-55 vere rescounted . . -3
on May 21, 1957. e

Figure 24 shows as log-log plots, Ut .
the rediocactivity of snail samples _ r
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 AR Sl =
an April 15, 1954 (shortly before
Nectar), shortly after Nectar, and Pig. 2%
long (580 days) after Nectar, thus
supporting the observation that de-
cline and decay do not differ.




The land hermit cradb. Coenobita, has dbeen reported wpom by
Held (1957), primarily from the standpoint of its seasitivity
as an indicator of radilostrontium. Individual sample values
vere given in appendix form showing d/m/g based on the usual
decay correction tactorsrgxcept tog carepace, vhich wvas bdased
upon the decay rate of Sr99 and Sr30-Y90, Declines were showm
semi-log in order to relate them to half life, and to acceate-
ate fluctuations in the later trends of the curves.

FPor purposes of comparison vith other organisas, this
section presents, in the form used thriughout the paper, the
same crab data tabulated by Held, (1957: 26). In edditiom, the
observations on April 26, 1956, just before the next series of
tests, are shown as the last points on the muscle and carepace
graphs. Hovever, instead of decay factors based aonly upoa
strontium, the usual decay factors employed in the present
paper vere used for carapace. Numbers of specimens on each
collectingz date ranged from 1 to 5, averaging 2.9 ¢ 0.2.

Pigure 25 shows the declines for five cred tissues. Align-

- N -

P \\k\ ) N \\:

’ . - N . -

"*“" N } ;.,“\ \ -\\. ‘
N h\::: o *\: M

- .
Omgs afo- ey < Sfe ! o -o: e

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 after 100
days in all of the curves appears to be followed by a leveling
tendency.

The decline curve for carapace differs from that showa by
Held, vho used decay correction factors based solely oa
strontium, in that it extends through a vertical renge of abewt
2.3 orders of magnitude, vhile his extends through oaly abest
2.3 crders of =masgnituds, posciltly tosause Ln ths prreent maser
short-1lived products in the sard-derived decay factors vere ia-
cluded, vhile in Held's ccnsideration these rossidle short-lived
products wvere excluded.
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Pigure 26 and Table 17 show
crab decays. Carapace of Coenobita
is emphasized, but other tissues
are included, as vell as & curve
for carapace of the ghost crab,
Qcypode, for comparison.

There {3 a pronounced level-
ing with time, indicating an un-
usually high content of long-lived
{sotopes. The tvo-point slopes
define limits vithin vhich inter-
mediate points must have occurred,
folloving the pattern of corre-
spanding multi-point curves, and
vhich are included to show the
transition from the slov decay of
pre-Nectar samples to the more
rapid decay of later ssamples. An
uptake period of 1 to 2 weeks for
the isotopes remaining at the time
of counting the decays in Plgure
26 i3 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 seern. by com-
psring curves 16 and 26.

Paucity of decay data in the
first 100 days precludes adequate
comparison with the sarly 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 appear to be
about equal. No aignificant differ-
ence can be shovn betveen decline
and decay using the available data.

Held (1957:8) shoved that re-
counts in Pebruary 1356 of all
samples of carapace wvhere all of
the activity vas due to 8r37-Y90
gsve uniform values of d/m/g re-
gardless of date of collectioa.

He concluded that equilibrium in
the uptake-excretion process had
been reached. The sams phenome-
noa wvas noted above for clam kidney
and for all snail samples.

Tehia L7, Motes of redioestiive 4080y refofreas Yo neeler,
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See_cycupber

The only animels
regularly sempled for the
distridutionsl study
(Pig. 1) vere sea cuocum-
bers. Three specimens
wvere usually taksa o8
sach collecting date.

Figure 27 shovs the
deeline at Belle, and
Pigure 26, st other locsl-
1ties. Pre-Nectar levels
wvere highset at Belle,

adbout ome order -
tude lower at Olive, Bruoce,
Zimer, and Ieary; veas

leroy
no% sampled. Rarly post-
Bectar levels were about 50
to 100 times than the
pro-Nestar levels. At Belle
the first velue, on the 8th
day, vas too low to align
vith later v:h;-;‘:ﬁ;vt
for whie
-ntg send. To shov the

TE

trend over the
1ine wvas calcul
and the same f¢
wvas reached at
firet made on {

It 19 {nf¢
levels in line
of spproximste!
redioisotopes !
constituents of
occurred vithiy

The devia:
seems not to f
curve for gut !
land plant les
(rig. 25), =
days (sew -

Pig .se 29
curves for ses
include 30110.
other islands
usually streig
S0 dayes to 110
are typical of
cays. The slo
from -1.1 to -
-1.6 occurred
Leroy where t@
steep. At TOC
moderated, aps
the other cum

Declines
the decays (&t
cucumbers, th
repid than de¢

Tesle M. Retes of
of smplas of oen &

Curee Figte Levality
- e

3 BT aawy
s SEED Suile
] s
. e ¢
[ ] M
[ ue.
’ e
: Ill.*.
w e

13 et Sere
» ulb Semmm
- [l
3 0D Rgre
» AN erny
» AT Lavep




trend over the major portion of the survey period, the regression
line vas calculated starting on about the 36th day post-Nectar,
and the sames for other islands except Olive, vhere the maximum
vas reached at 20 days, and at Leroy, vhere collections vere
first made on the 124th day.

It is inferred from the failure of early samples to attatin
levels in line vith later samples on log-log plots, that a period
of approximately 30 days wvas generelly required for the uptake of
radioisotopes to reach equilidbrium vith the non-radiocective
constituents of the tissues, although at Olive this had apparently
occurred vithin 20 days.

The deviation of the decline points from log-log linearity
seems not to follov a pattern but to be rendom. 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 carapce
(Pig. 23, = 3 sinusoidal with point of inflection about 150
days (sew ~ . 3sion, p. 40).

Pl we 29 and Tadble 18 showv decay
curves for sea cucumbe - ralected to
include Belle, Leroy, aua 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 -3.4. Slopes steeper than
-1.6 occurred only at Henry, and at
Leroy vhere they vere particularly
steep. At 70O days the steepest slopes
msoderated, approaching the slopes of
the other curves.
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Pigure 30 shows for the Belle ses
cucumber collections the amount of redio-
activity remaining vhen the samples vere
recounted in Mey-Jume, 1957, related to
time of collection of the samples. Log-
log regressions vers calculated ex-
cluding the collections at 8 daye, as
vas done for declines on the basis that
uptakte of activity had not yet reached
equilideriun. Por time, t, of collection
of semple in days after May 18, 1958,

t .0 regressions for gonad, muscle, and
integument, respectively, wvere:

d/a/g tn 1957 = 5290 t-0.39%
a/a/g in 1957 « 2720 ¢t-0.305
a/a/g in 1957 : 4280 t-0.612

wvith correlation coefficient s 1£1~
cance, P = 1%, P¢l¥, and Pec S,
respectively.

Thus, the trends for gonad, muscle,
and integumsnt wvere dowvnward, vhile for
gut there was no dis%!nct (P>>» 10%) up-
wvaprd or dowmnward trend. The slope of
the line reflects the difference be-
tween decline and decay, being steepest
wvhen decline differs moet from decay,
and horigontal vhen the tvo are equal.
That th's difference vas true in &
genserel vev for sea cucumbers at Belle may
be seen by comparing the reates of decline
and docay in Table 18. Decline exceeded
decay most in the case of integument, and
less for the other tissues.

Por sea cucumber integument vhere the decline slope vas
-2.0 and the decsa. slope about -1.4, the slope of the log of
the recount in 1957, related to the log of day of collection
after assumed detonation, vas -0.6, practically accounting for
the difference detween decline and decay slopes.

Wiile videly varying spectre of half lives are possible,
resulting ia unpredictadle relationships between decline and
decay, it is important to note that a fairly coastant relation-
ship does exist as shown by these recounts vhich are in barwony
vith the relationship of decline to decay, especially evident
in the casse of integument. hd

Pre-Bectar collections retained until 1957 about 10% of the
activity measured vhen first counted, vhile samples takea June-
August, 1954, retained only 2% to S%. The nighest levels of
activity tended to occur more than 36 days after Nectar.
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Fish

Pigure 31 shovs
the declines of five
tissues of reef fish
from Belle. This
figure includes the
data showvn by Welander
(1957:P1g.2) in semi-
log plot, for wvhich
his Table 1 gives data
regarding numbers of
specimens and plates.
Values from the indi-
cated numbers of plates
vere averaged for each
point. In addition to
Welander's data, Pigure
31 shows the levels for
one plate of liver and
tvo 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 tvo wveeks wvas
folloved by a fairly rPig. 31
regular decline ranging
in slope from -1.2 for
liver to -1.9 for skin
(Table 1). Absolute
levels vere comparable to
those of invertebrates.
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Pigure 32 and Tabdle
19 shov the decay of
samples of muscle, bone,
and liver of !-lle rsel
fiek, vVariadility wvas
moderate. Even vithin
8 single species as vith
the decays from the tvo ¢
goatfish taken May 21,

curves 8, 12, and 21 :
shov longer-1lived ;
products than do curves

5, 13, and 22. #

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. NRates of redicastive desay, reforred to Nester,
of samplas of reef fisn from Belle. Duts feor Pigure 31.
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Rixds

The fairy terns, rerely the sooty or noddy tern, wvere the
bdirds sampled at Belle. The number of samvles on eech golleet-
ing date renged from 1 to 3 avereging 2.25% 0.15. Results
appear in Table 1 and Pigure 33. The points showm for the

individual tissues vere averaged arithmetically to give the
data for all tissues combined.
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Pig. 33

Declines vere calculated starting tvo veeks after Bectar
in order to avoid the first Lvo days vhen uptake wvas repid. The
decline for tern gut vas outstandingly steep, -2.8. Por other
tissues it renged from -1.2 to -1.6 vithout significant differeaces.
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Plgure 84 showvs decays for the
tissues of twvo fairy terns collected
at Belle on August 19, 1954. 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
betveen 150 and 300 days, the tissues
ranked as follovs: kidney, liver, gut,
lung, muscle, skin, and dbone, ranging
from -2.6 to -0.8.

Decll... data extend only to 310
days, so that comparison vith the
decays 1s possible only from 150 days,
vhen decays wvere 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.

£ PPN U U |
)

[} 0 ' e [] L ' @
augiRds @ vy 'R 9 u e

Pig. 34




Rat

Janet vas the site of collection of rats, rather than
Belle vhere rats vere viprtually adbsent. Tabdble 20 shows number
of specimens and average amounts of radioactivity in the
tissues on various collecting dates.

Table 2 Pedienctivity og;ressed 1° trhousrdes of €/u/g :” S8t "‘ee .0 o retp frem Jamet,

1 jeates Atill, ! 19%<A8.
Oate "e. Saim Buecle rone Liver Lang ki eney aat
rete
O/t -0/%¢ 1.27 10.7 N 1) 1.3 PANK |
s/le 2 - i. 0 16.3 2.0 ‘.00 7.2 20.8
s/ T .- 2.08 17.9 1e.7 7.10 14.0 .3
/%0 [} 1.1 . 787 17.1 .82 .0A8 e ..
M-l ] 1.38 1.27 2.0 1.om .716 1.9 2.00
/21 s »71 . s .18 1.18 N 1.98 1.2
/2 43 s £ 273 ol 1.23 orb 1.7 .
a1l ] 588 1.99 .5 943 . 208 . 070 .80
/18 L] .38 .80 4.4 307 R} .88 1.5
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1./28 A 1847 .- .74 Uy LY 1.22 . el
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: If referred to Nectar as origin, the decline curves becoms
- ameh less steep, vwith the following elopes: sipin -, 78 wueele
: -o?”‘r. m -051. 11'.’ -03.. lm -ow. kldﬁ.’ ".‘9. w gut

Decays were started 220 days post-Nectar. Tabdble 21 and
Pigure 36 show the redicactive decay of tissues from three rats
collected August 18, 1954 at Janet and referred to March 1, 1958
as origin. Prom 220 to 600 days post-detonation, muscle, liver,
kidney, and lung decayed very slovly, vhile bone, skin, and gut
decayed appreciably faster. After about 600 days, even some of
the bone, skin, and gut samples decayed extremely slovly,
approaching the relatively uniform decay rate of the other tissues.

Totle S1. Pates of redicestive Gecay, Pelerred 1o the
sotemalion »f Baren ), 1904 ot -iuinl, of canples of
t100ued TPrem three rets eclliettes Auguet 18, 1004 ot
Jemes. Late fee Figure 5.
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Comparison of decline and decay rates is precluded by the
paucity of simultaneous data and the variabllity in the terminal
portion of the decline curves.
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Variability

In viev of the variety of conditions of locality, time, and
personnel]l 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 {s dealt wvith {n
another report (Bonham, 1956). Por invertebrates, the coeffi-
cients of variation of the values of readioactivity for a tissue
in a collection appear in Table 22.

Tadble S8. Batn cseofficient of vertstien in pereent, of
salues of redicastivitly ia tiseuwes of invertedwetes
coliested La 1904 at Belle after Bester.
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matle
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These mean coeffic.ents are averages of 7 to 30 individual
coefficilents of variation calculated from the few (2 to 10,
averags 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
vere distributed asymmetrically vith the peak strongly tovard
the left at about 20% to 3J0%, and the mean at 40%,

Coefficlents of variation were highest (42% to 61%) for gut
and shell, and markedly lover (28% to 43%) for muscle.

For the declines, the variability of the points about the
regression lines 1s measured by the correlation coefficient in
the last twvo columns of Table 1. The correlation {s best vhere
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 (n
Pebruary and March, 1795, using procedures designed for the
determination of fission products. Miss South i{s reporting
the study more fully elsevhere. Celid_prlid gccounted for
52-61% of the radioactivity in samples of spider snail
muscle and mantle, and sea cucumber gonad; for only 1J¥ (n
clam kidney; and for less than 1% in land hermit cradb muscle
and carspace. S3r90 constituted approximately 50% of the
activity in hermit ﬁrab carapace, 5% in its muscle, and 0.1%
in clam kidney. Ca%5 constituted 2-4% of the activity in
clam kidney. Because of the late date of analyslis, Sr89 vas
not found in any of the samples mentioned here. The pro-
rortion of radioactivity due to Csl37 in March 1956 for land
hermit crabs collected November 1, 1755 at Belle was 88% in

muscle and 81% in liver.

At Belle the slov rates of decay and decline for spider
snall 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 radiocactivity contributed
by t"~-= particular long-lived products, but they do not
explain the slov rate of clam kidney.




DISCUSSION

Decline and decay compared

The foregoing results shov the decline trends for a period
un to twvo years folloving detonations. It {s imror‘ant to be
able to predict the future cHurse of declines more than tvo
years after the cessation of testing. Since prediction of
radioactive decay of samrles s possible on the basis of their
radioisotop!~ content as determined by radlochemistry, spectrom-
etry, etc., an understanding of the relationship betveen decline
and decay will help in extrapolating future declines.

Decline rate vas clerrly steeper than decay rate for the
alga Halimeda, the coral iAcropora, and for most samples of sea
vater, plankton, and sea cucumbers. Decline and decay vere
nearly equal for island soil, most beach sand samples, clam,
snail, and reef fish. The data vere insufficient 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, 1if 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 a fev cases decay rates vere steeper than decline,
probably because of uncertainty as to the decline rate: island
soll at Janet, beach sand at Belle and Vera, sea wvater on the
ocean side of Belle. The steeper decays of plankton at the
Mike crater and of beach sand at Leroy appear to have more va-
lidity. Howvever, all of these cases could occur by chance 1in
the process of making as many comparisons as 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, CHhenotita, tern, and rat, vhile for snail
the decays became steeper i{nstead of less steep, and for plank-
ton, Halimeda, clams, and sea cucumbers the decays cnntinued as
essentially straight lines {n log-log plot.

The declines shoving the mos* pronnunced tendency tovard
leveling near the end of the okbse-~vitlon period wvere Hul ‘meda
at Belle, Janet, and Henry; leaves of land plants, Acrnpora,
and Coenobita carapace at Belle; arnd ses cucumber gut at Henry.
In some of these cs3es at least, the noted trend !s simuly a
vagary ol ssmpling.

That the tendeacy towerd terminal levelling 13 not the
general rule amonz the decline data (s siggeste? ty the position

-




of the terminal point vith respect to the regression line. In
63 of the grephs the last point fell belov the line and in 53
cases, above. The position of the last decline pnint was pre-
dominantly above the decline regression line for beach sand,
Belle land hermit crebs, reef fish, and Janet rats. It might
Ve sudpeticd that for thase organisms declines vere leveling.
The terminal points vere predominantly belov the lines for sea
vater, plankton, clam, ses cucumber, and teprn.

Assuming & constant, linear, log-log decay rete, and an
equal rate of decline, all samples regardless of vhether col-
lected shortly or a long time after detonation should give the
same level of activity vhen counted simultaneously, since the
earl{ samples wvould 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 betwveen decline and decay. This
relationship vas evident for Belle sea cucumber integument wvhere
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

crad no difference vas apparent betveen decline and decay, nor
vas there a trend in the recounts (p. 28 and Held).

Rapid decline and decay at leroy

The steepest decline and decay slopes for marine organisms,
represented by Halimeda and sea cucumbers, vere 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 viev of the correspondence betwveen decline and decay,
the rapid decline at Leroy undoubtedly reflects the isotople
composition of the samples rather than any diluting effect of
ocean currents. However, some selective transporting mechanism,
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 the Nectar-derived short-lived products at Leroy wvere
not contrijuted by fallout is confirmed by the slov rate of
decuy of s5ii from the island proper.

£l
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The interval of 20 days after Neciar, before the first
leroy colilections of Halimeda, vould allow time for the
curreats in the lagoon to treanspurt products of the detonation
to the vicinity of lLeroy. Proa earlier, unpublished data on
the decay curves Tor colladlicns cf marine crmabhe enatls, ecoral.
and sea cucumbers from Leroy on November =, 132, four days
after the Nike shot, it wvas clear that decay slopes wvere no

steeper at lLeroy than at other islands.

Assuming similar spectra cof half-lives from Mike and from
Nectar, this four-day interval 1is believed to have permitted
fallout, but to have been insufficient to allaw such selective
transporting by vater, of short-lived products to, or of long-
lived products from Leroy as may have occurred by the 20th day

folloving Nectar.

Through some unknowvn 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, vhile shorter-lived products tended to dominate in
marine organisms at the greater distances represented by the
southern islands vithin the confines of the atoll.

The distribution and uptake of short-lived materials at
Leroy should be made the sub ject of further study because of
their bearing upon the duration of radioactive contamination

of marine habitats,
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SUMMARY

Trends vith time in the beta redioesctivity of ilnvertebrates
and other organismss and substances wvere traced over a period of
about tvo years, from shortly before Nectar (May 14, 1958) to
April 1956. Extensive observations at one locality, Belle, vere
oupgielontod by study at severel other localities around the
atoll.

Absolute levels of radiocactivity are summarized in Table 23.
Outstand values expressed in disintegrations per minute per
gram (d/m/g) of vet tissue vere: for pre-Nectapr coilections on
Anril 15, 1953, high valugl, tern feathers 3x10°, clam kidney
?x109, and snail liver 10’; lov values, fish muscle 200, and the
brenching coral Agropora 600.

Maximum levels of 107 occurred vithin one veek post-Nectar
in plankton at Belle and Leroy, and in tern feathers at Belle.
Post-Nectar levels vere lov for rat skin and muscle at Janet,

2 to 3x102 and for féeh auscle at Belle, 7000. Acropors vas
intermediate at 3x10°.

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

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

The declines and decays wvere plotted logarithmically for
comparison vith the approximate theoretical decay rate, t-1.2,
for mixed fission products. Correlation coefficients at or
beyond the 1% level of P vere demonstrated for the relationship
of log of activity to log of time after detonation in the cases
of survey meter readings, some island solls and beach sands
most sea vater samples, some plankton, most Halimeda (algao&,
land plant leaves, Acropora, tridacnid clams, most spider snall
tissues, land hermit cradbs, sea cucumbers, reef fish, tern, and
most rat tissues.

Levels of activity in the first fev days vere in some
cases too lov to align vith later points in logarithmic plot,
suggesting that a preliminary period of build 'p is required in
these urganisms, part‘cularly coral, sea cucu.._er, fish, and
tern, for the radioisotopes to attain equilidbrium vith the non-
radiocactive constituents of the tissues.
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Levels of rediocectivity in representstive materials
ana organisms et Enivetox Atell before, and up to teo years

Data from decline grephs.

Substance or tissue Locality d/m/g wet, or ss indiceted
Pre-lNectar, Post-Nectar
April 5-18, ueximm At 700
1954 observed  days®
Survey meter, open Belle .- 400 mr/nr 1 mr/hr
Islanc soll ® e 30,000,000 30,000
Beach sand . .- 1,000,000 10,000
Sea water * - 30,000 1l.,01
Plankton . 10,000 10,000,000 2,000
. Leroy 20,000 8,000, 000 200
Halimeda (algs) Balle - 100,000 200
% 2,000 1,000,000 100
Green leavaes Belle .- 5,000,000 1,000
Acropore (coral) . 600 300,000 100
Clam visceral mass . 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
» muscls . 7,000 50,000 3,000
Coenobita (crab) liver * 8,000 1,000,000 2,000
v carapace . 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 " 20,000 500,000 2,000
. » muscle . 2,000 100, 000 400
. ® integument " 1,000 100, 000 200
. . gonad Leroy .- 30,000 70
» » aut » . 30,000 200
. . muscle y .- 200,000 80
* " integument " -- 200,000 80
Pish (raeef) skin Belle 800 100,000 70
» . muscle . 200 7,000 40
" » bone . -- 100, 000 200
. . liver it 8,000 300,000 3,000
. " gut " 9,000 1,000,000 2,000
Tern feathers & skin " 30,000 10,000,000 200
" gut . 70,000 600,000 30
muscle " 4,000 40,000 40
"  bone . 3,000 300, 000 100
"  lung " 20,000 200, 000 800
. liver . 330,000 200,000 500
"  kidrey - 40,000 300,000 600
Hat skin Janet e 2,000 100
~ muscle " 1,000 3,000 200
. llver . 900 10,000 800
., lung " RO0 6,000 70
. liney ) 1,0 14,000 300
T gut - 2y, 390 R0, 000 50
bone . 1y, »s0 20,700 600

sFrom regression.

HY extrapolation 1! necessary.
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Decline retes vere calculated on a logar!thmic dbasis by
the method of least sgquares using tne Neclar test as origln
excert for rets, vhose redioactivity vas referred to the Marcn
1, 1954 detonation at Bikin{ as origin. The most rapid de-
clines vith a slope of about -4 vere for sea cucumber muscle
and integument at Leroy. At Belle the decline rates of sea
cucumber integument and muscle wvere about -2. Lagoon vater and
plankton near Belle declined st 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
snnlg tissues -0.6 to -1.2, land hermit cred tissues -1 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

"‘PCh 1' 195.. ’008 to -2. (gut).

The residual long-lived products from earlier detonations,
particularly Mike on November 1, 1352, are considered to have
had an appreciable leveling influence on the decline and decay
slopes. Even 80, vith the exception of clams, snails, and
cradbs, the observed decline rates vere steeper than the -1.2
rate for mixed fission products.

Decay rates of certaln samples vere compared vith the de-
clines over simultaneous periods. Decline rate vas steeper
than decay for Halimeda, Acropora, and for most samples of sea
vater, plankton, and sea cucumbers. DNeclines approximately
equalled decays for island soil, beach sand, clam, snail, and
reef fishes. Simultanecus data wvere lnadequate for comparison
of decline and decay for the green leaves of land plants, crabs,
terns, and rats. 0Only wvith beach sand wvas the decay somevhat

steeper than decline.

The diluting influence of rain and of the surrounding
ocean upon the radioactivity in the vicinity of the testing
areas {s considered to be responsible for the cases of more

rapid decline than decay.

When samples of sea cucumber tissues collected in 1954-585
at Belle vere recounted nearly simultaneously in 1957, the
ear)y samples tended to be more radloactive than the later
samples, as wvould be expected wvhen decl'ne is more rapid than
decay. Similar simultaneous recounting of samples of clam
kidney and spider snail tissues from Belle, wvhere decline and
decay vere equal, showved no significant iifference betveen 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 bde responsibdle for
the temdency of marine, shallow vater orgerisms to contain
shoeter-lived redioisctopes in the vicinity of the southern
islands, and especially at Leroy, than at the northern
islands vhere longer-lived products predominated. %oll from
Leroy I1sland proper, which could not be affected by currents,
on the other hend, exhibitad as long & rediocactive life as
that from the northern islands.

Radiochemical analyses made in Pedbruary 1356 by Miss
South, in vhich methods designed for the detectiaon of fission
products were used, shoved that 52-G1% of the radiosctivity
in samples of spider snall muscle and mantle and 12 sea gu-
cumber gut, and 108 in clam kidney was due to Celdd-prlid,
About S0% of the activity in carepace and 5% in muscle of the
land hermit cred vas due to 3r90,

Camma spectrometric analyses made in December 1956-May
1957 by Lovman, et al. of kidney and snail liver collected in
19;:-55 at Belle demonstrated the presence of RulO6-pnl0n6,
Mno%, Co57 and Co®Y., Resin column analyses, by the same
authors, in December 1956 of » Septemder 1756 sample of Belle
clam kidney showved PeS5 to_accouat fop T4% of the activity,
CoS?--g. £, C058--9.2%, Co060--1.88, Y91--2.6%, MnS8--2.2%,
and RulO0-RnlJ6, 2r95-Nb95, and Pe59, together, --1%.
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