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ABSTRACT

Three sections of subject matter are combined in this paper.

Section I shows the pattern of radioactive decay over periods of

about six years for 102 samples from Eniwetok Atoll, plus 2 sand

samples from Nevada. Logarithmic plots commonly had slopes of

from -1.2 to -1.8. The slopes for the last three years tended to be

steeper and to show more variability than for the first three years.

An exceptionally slow rate of decay, -0.06, prevailed for the last

three years in a sample of rat muscle where CS137 was almost the

only radioisotope. Slow decays occurred in muscle, liver, bone,

and kidney of various animals.

In Section H, available data on plankton from Rongelap Atoll for

1954-1958 are brought together, including not only values based on

wet weight as reported earlier, but also new values computed on the

basis of ash weight of sample, which gave more consistent results.

Mesh size did not influence activity levels of the plankton samples.

For August 1958, the amount of activity in 10 pumped plankton

samples was shown not to

of lagoon bottom material

be correlated with the activity of samples

taken at the same stations.
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I n Section 111, the trends in average activity of liver, muscle,

and bone of reef fish at Rongelap and Kabelle Islands, and in lagoon-

pelagic fish of Rongelap Atoil are given for the period from 1954

through August 1958. Ultimate decline was to levels of about O. 00”5

microcuries per kilogram of wet tissue.
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GENERAL INTRODUCTION

Gross beta is a useful criterion of the amount of

activity. Plotting the logarithm of this value against

. . . .. .

persisting radio-

the logarithm of

the time after detonation depicts the trends of both physical decay and

of decline in radioactivity due to a combination of physical decay and

various biological and environmental factors. The term decline as

used here indicates the trend with time in the amount of radioactivity

in successive samples of a particular type of substance at a particular

locality. The term is appropriate because the amount usually decreases

with time. However, the amount may increase or remain constant for a

while if there is an influx of radioactivity into the environment, so that

minor fluctuations in decline are to be expected. In this respect de-

cline differs from physical decay, which can not remain constant or in-

crease but can only decrease,

. The three sections of this paper deal respectively with decay data

of early samples from Eniwetok Atoll, and with decline of plankton and

fish samples from Rongelap Atoll. All have the feature in common that

their radioactivity was derived primarily from a single, though not the

same, detonation rather than from two or more successive detonations.
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SECTION I

PHYSIC.3L DECAY OF SAMPLES FROM ENIWETOK ATOLL IN 1952

INTRODUCTION

Previous decay studies (UWFL-53) of the biota and other materials

from the Marshall Islands have covered periods up to nearly three

years following the detonation of atomic testing devices. The earliest

curves (A ECD-3446:27) were for oyster, XE - 19, and ovary of damsel-

fish, XE-40, whose slopes from 20 to 800 days were -1.6.

Decay of 83 samples from Rongelap Atoll (UWFL-42:46) over a

period of from 38 to 500 days following March 1, 1954 averaged -1.4.

Coconut milk was most unusual among these, having a decay rate of

only -0.24.

Decay data for samples collected in 1952 offer the most compre-

hensive picture of long-term decay trends that may now be contributed

from studies by the Laboratory of Radiation Biology. A period of ap-

proximately seven years is involved. These samples number 102, of

which 96 were from Eniwetok Atoll collected within 10 days after the

Mike test, 6 were within 10 days pre-Mike and would be referred to the

Greenhouse series. In addition there

lected on November 29, 1951, related

making a total of 104 decay curves.

-1-
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METHODS

Preparation of Plates

Preparation of plates was the same as described in WT-616

(UW3?L-33) :19. Brief ly, the wet or moist samples were placed on

weighed 1 1/2 -inch ( 1 5/8 inch over-all) stainless steel plates)

weighed, dried overnight at 97° -99 SC, reweighed, ashed overnight

550° C, and finally reweighed. The ash was slurried with alcohol

cover the plate smoothly, dried and affixed with a few drops of O

per cent Formvar in ethylene dichloride.

2SN%!2

Plates were stored on 2 1/2 x 3 l/4-inch cards perforated

with a 1 l/2-inch hole into which the plates fitted. The cards

bearing the plates were stored in

slotted compartments, so that 25

serted in each tier, totalling 100

wooden boxes wit h tall, narrow,

cards bearing plates could be in-

plates to the box. ‘Firm fixation

of ash to the plate, care in handling, and occasional inspection of

at

to

5

the cards for evidence of spill guarded against loss or contamination

of ash. However two decay curves had to be excluded, and one

more curve was discontinued, on account of loss or contamination.

Counting

I n addition to the description of counting methods given in

WT-616 it may be said that a special 1 1/2-inch-thick lead shieid

.
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surrounded each methane-flow counting chamber

junction with the Nucleometers to give a background of

.

used in con-

only about

45-50 counts per minute (c/m). The same counting equipment was

used throughout the seven years covered by this report.

Counting time followed the schedule of WT-6 16:20 during the

earlier counting:

C/m, sample Counting time,
plus background minutes

~ -500
500-1000

1000-2000
>-2000

For later counts,

longer counts of from

20
10

5
2

as more machine time became available,

30 minutes to several hours were frequently pos -

sible for the low-counting samples.

The absolute level of radioactivity as indicated in the column of

Table 1 headed “Plate count, 1000 days, “ serves as an index to the

reliability of the points.

Graphing and Reproduction

Values from the decay data-sheets were plotted as circles on

thin logarithmic graph paper. Even where circles overlapped, almost

all of the values were graphed. Free, outstanding circles pertain to

the nearest curve, and lines connect those points whose identity was

.,---a--w, T.. *. ,



.,

,,, ..:., i.. ,. ..+- .. ,., .
‘., -4-

,.

M@,lv. 920p9 for indk.todtti9WUb day

1 272227Llgs~ wtilv 10ZZ ~cbi 1X9
2 = 2247 alsa, bticrun mt2.N 10-22 Runit
3 2s 1532 svctii11-twOOd
b 33 Y296 x-,

lo-’zz *b 590
?nOU l&27 Z22ili 250

2.5 ;
2.3 lcm-:
2.1 7*Z

2.5 lM@1020
1.5 -i
1.5 -2

1.1, 131)- 2050 2.0 1097
1.3 m-loY2 2.5 103O+

2.5 10*2
1.L5 2AQ-2260 2.5 12_2
1.5 ZQ-103O
1.8 W2-WO
1.15 129-1030

1.!3 1o50-2
1 .k U&:050 :.: yx
1.L

1.4 m:
1.6 15&10W 2.2 105C-2
1.1 UO-105O 2.3 1050-2
1.3 150-1050 2.5 22CC-2
1.6 ZIO-105O 2.3 105G2

1.2 Z2O-103O l.b 1030-2
1.6 3L&2

1.L 2041R4M 3 .0 14@-2
1.3 3m-21tJ2 2.2 1269-2
1.5 1+2050 2.5 10*2.

1.2 W-2.

s 20 22’3 ath lo-zl. I&n
6

~ 3&bi
20 Un22, Cc.wh, ~

72
mft parta 10-24

7 ~ “UIW1. JUW.Mn fin. fraction

%&.bi ZWl

Sm
11-29-51 H*vadA* 2CO0

3A cad ‘Urml. J-l.” U-29-51 H*vti* 19m
$ i UM5, 2UCWI, “G&d

1?! 6 2 wand,
U-7” &.s+iiJiri 382

2s2 w 11-7 KkajOa-Bi2jiri Um
I Nnd, Zwz< m:

;;
22-7 R. Jok-Biijiri 32U

XM,L amid. huh. intmtidti 11-8 2.MObi 37m

,,, 13 U9 22-8 B&all”, 950
W=UU, 17m

1.2 L7-105O
1.1 67- lAO IItib

15 2
16
17 u:
18 23
19 2A

U-8
U-8
u-a
n-8
11-s

Alice 2.2
Uice la

1.3 17- 2C0 I I
1.9 m- 35 .9 35-1X3
1.L 25- lm

.,.
EOganua u!
eocauu. 1226 1 .i *105CI

1.2 3& llo IIu-2
U-8
u-a
u-a
22-6

iialua 3000
Emobi
Encobi 3X+2

1.5 fi- 701 1.2 m-la I
1.2

2269
23 92

B&Mu UO
Runit 1.50

1.0

::;

%
1.8
1.3
1.0

H-
1.2 i

%- 150
39- 85
39- ?2
42- $U

39- 75
42- 75

2%
5&90
3% 150

.% a5-210
1.0 $&MO

7

1.4 w-m

1:6 75-220
1.1 75-2m

2i ti ~~ C;rz 2cmLVr* .ntim U-i
79 4% c.ra2

27
p .Iltilw lza

U6 1% eod

B&llua 7m
Mimbi,., -

,., ,, ,,, ..,,
..’. :.

‘., ,,.

,,. ,
., ,,

,’,
,,

K ●at ira 32-5 2&22i 7.3
~ .nt ira U-5 _ti #aigiM
ma. s.. boll. ma n-7

~
22 127 i“%i COA POciUOuO

h. SticbO.
atichowa .;. 6& .a U-i

mria ●ra w .~ U-7
~a M“ .fl 22-5

% m ~ ‘“~-P&mtmvJ.G.nai --
-f

35 2 &31 . surgam Acant,hmI. .1o-w.CU. akin
~

11-2
9 ● m’our?er Mn.ddus g. skin U-2

rhh..- auinque
~ d.” skin 11-9

a 65 G “a-

L.9 M&lol
1.0 130- x

3 75 47b -a cucumber
32 2201 “ .=
32:: 1362” “&&l
33 U, L2L fish.aamel , ~ bioce~. ‘,k2n U-i! ZlO&llu. 2%

i skin 11-7 Aaraanbim 6.2 L. I Y20-2

w“
h. Sk211 U-8 -him”. 29

*

1.3 &23m
2.3 2A- 75
1.2 -1o,
1.0 39-23m
1.6 39- 75

.9 39- 75 1.3 73-2m
1.5 24- 65
1.5 22- 150

3.0 Z.- 100 1.7 llm-lyz
1.2 24.- 300

%

L.3 75-1ON 2.2 105&2
10 22

1.1 75-llm
.9 1K+105O 1.9 105%2

1.3 65-1o5o 1.7 10~2
Lo 150-11600.1 n@-..

G50.9 5C.
:6 1542-1050 .3 10504

.6 w3-2.

.06 2X)-2.
22G1O .2 10 2

L.b lCQ-lCCO 2.5 1030-2:

.-
“. so. Elsch n-i &,L”* LLbtridacz

XiGiIrK.bl. -s.1. u-6 ‘“-RUnit

ti&w!Z!U Ml,.le n-s Ri.zili
4295 U66* F,rivtia l.evimna -1. U-b Iamit
/.3 Uo 1333 crab W@& i~..~% msc 1. U-5 R2gili

Abudefduf biacellatun - U-8 BO@l”a
ii bj tij fiSII&S.A P_~tw jmen,i . u-7 Aaraanbiru

57 1072 ■ wra.se Thal,l_ 9!J~ uerittab ● U-8 BOgallua
, :anttamua el’onmtu. mlccl. 32-0 BO&diua

ii i2 U8 “--■ grouper 20in.Ad.* merra mscle 11-8 Bs@lua
L9 36 u rat &t$us ed&--- macle 12-9 B1liiri

9% bird, mddJ tern AnOus sto.
5L 74 L22 Clu _a so. Ann 22-a MEUU. M
5.2 29 1236 crab ma
53 104 1191 * Gram.. P.rw,
514 96 lMt2 n = 1“.iau

65 505 fiah, dar,ael ?cm,ce.nttu- .jmkenai bon. U-7 &runbiru ‘6.3
56 M L32 “ mu.,.” Acaot hur.m ●lomatu a Mna 22-2 tidlu. 7L0

2@,-mPhah. &m
ma.- Quflm
Iatt”s .Xu2sm
tern Anm. st.1 idu. bc.nw U-5
ma *D. flu U-2

~
U

8.0
32

210

+

53
233

.,,

;lidwmscl. 11-5 P.&& k

. . —“————.
arsEJ!? carapace u-6 mnit

-mq Swhel’ettas 12-5 R@2i +
Uu mtimttea u-6 I&nit

1.3 50.2.
1.6 UQ-105O 2.5 105c-2>

1.3 L2-105O2.0 1050-2.
1.0 2m-2:

1.3 lm-lon .85 105OJ3
1.2 70-1050 2.11 1050-2:

.7 lo50-2.@ .03 l@2-2>
.63 ZZ>

1.J$ 100-1OXI2.5 1030-23
t.3 75-1050 2.5 1050-23
,.7 X.23-M 2.5 10*23

2.2 lKCO-2j
2.5 105G2>

,.0 -l .5 lca2-23
..5 Y&l 2.5 1050-23
.k 1W105O 2.5 10W23

..2 lm-lcm 2.2 lm&23

5 150-1050 2.2 1050-2;
1.7 lti23

XILX23
::; 1s23

.2 2s1054 .3 1OX-23
!.1 llD&l16n .6 1160-23

2.5 10%%23
2.5 lCW-2X

.1 80-1050 2.9 105’2-2%

.b -1050 2.6 105O-2Y
‘.2 10*1L6O 1.5 146c-2~

L. 3 ji-loio
1.7 37- am
2.s u- lml I_r- b0n8 12-2 il&lluab7

~. ban U-.9 BOgallu.
B 60M U-9 Bii !iri z

l.i! ai- 70
1.3 32-2300
1.5 37-1G50
L.7 I& lm 2.0 1.!0-503
.9 24- lW

1.0 3a 75
.85 39- 90 1.3 9&ao

L.L 39- lm .9102-402
1.2 39-1030
1.3
.95 Z& w
.2040- lm
.9 39- Ica

1.3 42- MO
1.6 28- lm 1.3 l*16n
1.3 7A- ZIJ
1.1 32- 140
2.5 33 70 1.0 70-250
1.2 35- 1> 1.7 130-4m 1.2 Am-lcm
1.4 L2-105O
1.L *1OO3

.55 39- m
1.2 39- 70 1.0 70-2xl

9 39- 20 1.2 m-222 1.0-1050
1.3 31-23@3
[.0 34- 70 1.2 -m-m
1.1 ?6- lW
L.3 24- m

.822-80 1.0 2WZ0

.8 39- lm
,.6 22- 70 1.1 ‘m-len
,.5 211- m .8 6&lZ0

.95 39-1030

1:0 39- KU
.9 39- lm

,.1 &- 130
..L a- ZZ2

7
“:9 39-100
..0 3+ 70
..1 32- 70 1.0 70-m2
.939-70

. . 0

..5 L105O

..5 2.-10%

..1 3e- lm
L 3?- 103

iiz 39 905 bird, mdd,~
72 409 clam ~

d 1135 crab @ 7iiriwug
63 &

iiu U-6 Git 1+2
U27 Clab @ ~

64
gill U-5

9& U& cnb
22gf.li 2S0

g gill 11-6E!? 2unit 190
~ lCV 1329 crab E] . Kim U-5 a.5aili 630

990 bini, ndiy t m.... . ..lidu’ lUIW
67 ~

U-5
I& OctoLu.

M.@l 22
POITDUS w. tiostive glmd 11-8 B02auua 17m

FLtghi 69
B0m22um 9m

-~ —
paw!?!+
Jbbia hevti
;ribia laev2m
tam------.

6299
—.

U83 mat” c=!!+? ~- liver U-5 FL@-li 360
69 1(E 13X C* IEiplis laevimw

tiudef duf bioc
acentrw .jcmke

AcMthurw donmtu
Ilml.,-

7i 35 636 rat rl,t~ .X2

& 1 1“., n-5
cell. liver u-a
ensi liver 11-7

R&M lx
Bc@21ua
Auasnbiru 76
&go.12. m
bgtiua 160
BiiJ Zri 930
Rwli 4
WUM 31m

AAraanbiru &50i3
IM@.i
Rigili %
Ri2i3i 10J
Bii3iri 230

72 50 L33 “ NIX. On-
73 m 1075 ,{ m-use ‘3

_& liver U-8
hquinwe”ittata‘, 11-.9

,- 1 iver U-9
houa ntolidm liver U-5

@?JM -p. gut u-z
wia atm gut 12-7
m fuscc-rubra @t 11-5
19 srapma mlt U-5

D 40 * bird, moldy T
76 76 L77 98. c.cumhr
77
70
79

l!?
101

20 10? 1331 crab i
01 31 61L rat R

.6 XO-105O Y.? 10~23

.8 l@J-10W 1.0 105O-2Y
1.0 2m-2x

22 676 bird , tattl=
03 z 909 bird, naddT t

11-7
U-5
U-8

Amianbim LWJ
Ri@2i 150
L%3111”a 270u 71.,. .

,,., * .,:

,. .,-.’ -””. z.35 1-10%3 :8 lZX
.6 1*105O .& 105C-2X
.3 170-10502.3 103O-2X

2.1 105O-2X
.2 10 2.2 1 2
.2 Pm-low 2.5 105O-2X

85 22 538 cl- ?
9a U7E dam T

i .p. kidm; n-7 A.raatiim 120
..s w.. kidnd, U-5 Ri2ili 27

2r7
B@

i&ia&s kidne; U-9
mantie U-a

mull, mm.y cm-y C r... .on.ta m u-6
wluil Crpraea mneta [oat 4 wtle 11-5
crab w@!&~ egg, U-5
M* c.cImb.x tioloth.ria f. mspir. tme U-5
.1” ~ *P. .iaz. ra.l 9u. U-8
Clu ~ W. vise.rti 9WS 22-7

● Tridama .P. visceral MMS u-5
il G2EV!S L?w?.U viocer. 11-6

l-t. .iacm-a U-5

–= via..,. u-6
. luv2aM* viscera 11-6

ntma Jenlcm. viacer. U-7

Biijiri 60
BOgall”a 950
Run it Lo
R22ili 51
R5.sili 170
iwzli
Ekt@llua S
Aaraanbiru lW
MKili 6.4
Rwllt lW
R2@.2i 120
Bunit
Runit MU

&raanbii-u ;

+
73
22

llL2

*

U&?
I$lo
537

.5 l-urn 2.2 u&2i
:5 1>1050 2.5 105G2X
.9 -lam 1.3 1C02-2X

.1 1C9-105O ::2 lo5&
z

.3 70-1260 2.5 ua2i

.2 ZcQ260 2.7 126&2Y

.1 70-1050 2.5 lmzx
4 lm- * 2.2 9t&2~

2.3 1OW-23

yg-
?226
B 93
m 67
11 51

un Ck
221,9 WU3
1361 -fl c~ E
1233 C* c~ K!
1163 crab

507

E*a, _
fish, dsnol P

04 “ Nrgeon AcMmm18 .lor.c*Lus
B@n.Pmlu9 ~
mla.ec.za winmev.
oblcdon citr2n. #

viscera 11-8
vise.r. U-8
viscera U-a
entire u-8

z.j L-2X
.& 1-105C 2.2 A05C-2>
7 1W105O 1.0 105O-2X

32 56 &2 ,, @roujar !

13 61 1076 “ WI-a.,. ~
62 10+W ‘r EObY %

● moteexcept ion..

.. ---- - . ... . .. ---- . >-r ..,------ -..,—-—=— ----- .



,, ..&m4.--~”’-”’~”” ‘“’ “ ““-””““” ““ ““”“-’” ‘- ‘“ ‘- “ “ “r -5-

a

conside red to be uncertain, or where the gap between points was so

great as to cause difficulty in perceiving the continuity of the curve.
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From the original graphs the curves were copied over a light-table

onto tracing paper. A somewhat natural sequence of subject matter

WI was arranged, progressing from soil through the plant and animal5 am-low
a 150-2J.50,

kingdoms. Each graph was oriented by means of the 1000-day verti-

1.6 UICL
, 2042-2460 3
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i 15&2050 2.5 1OX$

1.2 XG
d.1 300. .2XXJ

Buto .8 14m-23c9
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cal line.

Thus, the position of the curve in the series is no index of the

amount of radioactivity involved. Absolute levels may be computed

by referring to the column of Table 1 headed “Plate count, 1000 days 11
.

For example, if for curve 25, the value of the plate count at 2300 days

were required, then reference to Table 1 would show a plate count at

1000 days of 700, while the ordinates as scaled from Figure 1 on days

1000 and 2300 were 18 and 2.4 respectively, The ratio, 2. 4/ 18, is

multiplied by 700 to give a result of about 93 c/m, which is reasonably

close to the actual value, 90 c/m (original data, not shown here).

Slopes of curves were scaled from the finished drawings of Figures

1-6, using a transparent slope-scaler calibrated in tenths from slope

-O. 1 to -2.0 and by greater increments from -2.0 to -5. For each

curve, the portions of markedly different slope were measured separate

thus necessitating subjective interpretations as to what constituted a cha

of slope,

ly,

,nge
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Figures 1- 3. Logarithmic plots showing radioactive decay of samples
listed in Table 1. Absolute levels of curves may be calculated b“y re-

ferring to the column of Table 1 headed “Plate count, 1000 days’:
(Curves 61-104 follow in Figs. 4-6, p. 7 )

Dates of detonations:
Curves I-6 “Greenhouse” April 21, 1951

Curves 7-8 “Uncle-Jangle” November 29, 1951

Curves 9-104
!fMikett November 1, 1952
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RESULTS

.. ~u. . . . . ..% l., . . . . . . . . . ...2... A.c.i. &j,L’k+.AL-),A .,

Figures 1-6 show graphically the decay rates of 104 samples

collected in 1951 and 1952. Logarithm of radioactivity is related

to log of time after detonation. Detonation date is stated in the

legend of the figures. The graphs do not show absolute levels of ,

radioactivity, (although this may be computed by reference to Table

1) but rather permit a comparison of decay rates between samples.

Table 1 lists, in the left-hand portion, reference data for the

samples whose decay curves appear in

regions in the right - hand portion give

scaled from the graphs in such a manner

Figures 1-6, while the five

measurements of slope as

as to consider most of the

major inflections of the curves where observations were sufficiently

frequent. Inflections of curvature might of course also be expected

during the periods when observations were not made. The slopes of

the straight portions of the curves were tabulated in the region that

seemed chronologically most appropriate, except that M the entire

curve was straight, the data were entered only in the first region.

Thus, from the first region under “Negative slope ----” in Table I the

nearly straight-line decays are seen to be numbers 38, 41, 58, and

81. Similarly, the last region contains, among others, those en-

tries for curves that were linear from the period of the first region

through 2300 days after detonation.
.’- ...’”
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1n an effort to detect a pattern, the five regions of Table 1 per-

taining to slope were assigned the following approximate time-spans in

days, respectively: <100, 100-300, 300-700, 700-1200, and 1200-2300.

Because the points of inflection of the various curves do not coincide,

these limits for the five periods had to be arbitrary. Omitting the first

eight curves, and, therefore, considering only the post-Mike material

(curves 9-104 inclusive), the slope for a curve was entered in the blank

space so that a slope was available for each of the five time-periods in-

volved. Computation of mean and standard deviation ( {-)), not

standard error, of the 92-96 slopes for each of the five time-periods

gave, respectively, these results: -1. 35*O. 45; -1. 26*O, 28; -1. 25~0. 34;

-1.25 fO. 37, -1.78*0.79. The mean slope of -1.35 for the period up to

100 days is steeper than for the three following periods, -1.26, -1.25,

and -1.25, but is less steep than for the last period -1.78. Likewise,

the standard deviation of slopes was greater for the first than for the

succeeding three periods, but less than for the fifth, and this same vari-

ability is also discernible from the graphs. There is thus evidence of a

general increase in rate of decay of post- Mike samples during the last

three years, over the first three years, with the exception of certain

samples to be discussed later.

The present decay rates may be compared to the theoretical

gross beta decay curve for slow-neutron-induced fission products
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of U235 as depicted by Hunter and Ballou (1951). From their Figure

1 the following approximate slopes were obtained graphically: 20-100

days, -1.2; 200-547 days, -1.8, 2-6 years, -1.3; 10-25 years, -0.7;

150-180 years, -3.7.

Thus, the mean slope for the Eniwetok samples is slightly

steeper than that of Hunter and Ballou up to 100 days; then, in the

period from 2 to 6 years, the Eniwetok samples tend to be at first

less steep, and toward the end of the period, steeper. Future counting

may show whether these curves will level slightly to -0.7 as does

Hunter and Ballou’s curve at about 10 years.

For the first six curves (Table 1) of pre-Mike samples involving

products of the Greenhouse tests the

corresponding periods for post-Mike

curves tend to be steeper

samples. Contamination

than for

of post-

Mike samples by the older products from Greenhouse would tend to pro-

duce an effect in this di~ection, but so marked an effect is rather sur -

prising.

In contrast to the general tendency

,, of the slopes to become steeper after 3
. .. . . ..

as noted above for the average

years, certain curves showing

a slower decay than average may be of special importance. Curve 49

for rat muscle decayed most slowly of all those studied, with a half

life during the last 3 years, of more than 30 years. In gamma

spectroscopy of this plate only Cs 137 was detected. A listing of those

.. —-. [
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Curves which tended to level out, and the flattest slopes that they at-

tained, appear in Table 2.

The S1OW decays thus include almost all of the decays available

for bird and rat as well as curves for muscle and kidney of most

animalS. The slow rate for rats could be due to residual activity from

earli er detonations in the vicinity of Biijiri I sland. Muscle with its

high K40 content and kidney with (in the tridacnid clam) an affinity

for strontium would be expected to exhibit slow radioactive decay,

Tab le 2. Summary of the nineteen curves from Table 1 and Figures 1-6,
showing the most decided tendency toward leveling and the
minimum steepness attained.

Curve Organ- Tissue Lates(
no. i sm slope

35 fish skin -0.8
37 fish skin -0.8
40 crab muscle -0.2
41 crab muscle -1.0
45 fish muscle -0.5
46 fish muscle -0.9
47 fish muscle -0.3
48 fish muscle -0.6
49 rat rriuscle -0.06
50 bird muscle -0.25

Curve Organ- Tissue Latest
no. ism slope

56 fish bone -0.85
59 rat bone -0.03
60 bird bone -0.63
66 bird lung -0.5
74 rat liver -0.3
75 bird liver -0.6
85 cl am kidney -0.5
86 clam kidney -0.6
87 rat kidney -0.4
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METHODS

Methods of collecting and processing of the 1954-1955 plankton are

described in UWFL-42:32 and UWFL-43:44. In 1956 and 1957, col-

lecting differed from that of previous years in that amphibious air craft

or rubber boats were used for towing the nets. Methods of processing

were unchanged.

In 1958, plankton tows were made with 1/2-meter nylon nets of

70-80 meshes per inch by towing from an LSVP (March) or a DUKW

(August) for from 10 to 30 minutes at a velocity of 2- 1/2 -3 miles per

hour during daylight, and within 3 (usually 1-2 miles of the localities

indicated in Table 4.

In August 1958 only, plankton was also collected from the support

vessel, LSM “Aloto” by means of pumping, which not only permitted a

more precise measurement of volume of sea water filtered and pin-

pointing of location of the sampling station than is possible with tows,

but also allowed simultaneous sampling of the lagoon-bottom material.

Thus, at the ten consecutively numbered stations indicated in “ -

ranging along the southern and eastern portions of the lagoon,

plankton and bottom material were sampled. Bottom samples

obtained in August 1958 at the first nine stations by personnel

“Aloto” using brown soap in the depression at the lower end of the

Sounding lead. Small amounts of sand and other bottom material adhered

c.lgure “[,

both

were

of the

,. ,.. , ,,.
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to the soap and could be scraped off with a knife. The process was

usually repeated more than once at each station. At Station 10 the

anchor brought UP several pounds of the bottom. Samples were taken

from both the hinge of the anchor, which was considered to have been

at about surface level on the bottom, and from the flukes which were

estimated by both ship- and laboratory-personnel to have dug about

two feet into the sand of the bottom.

At the first four stations sea water for plankton was pumped from

astern of the “Aloto” by means of a high- speed, gasoline powered, fire-

fighting pump with a capacity of about 40 gallons per minute, while at

the other six stations a more reliable, submersible, electric pump op-

erating alongside the ship gave 180 gallons per minute. Pumping con-

tinued for 30 minutes with the mouth of the net above water, so that all

pumped water went through the net.

Pumping, as here done, although more quantitative, was less de-

s irable than towing for two reasons. Smaller samples of plankton were

obtained, and picking up debris from the ship seemed unavoidable.

The plankton was preserved in alcohol except for the tows in August

near Kabelle Island. Here the bucket was removed from the net and the

end of the net tied closed. After towing, the net was washed down:

drained, untied,

bags in which it

and the plankton scraped directly into small plastic

was later dried at 80° C without preservative. Because
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this simplification not only made it possible to avoid the debris from the

ship and the almost inevitable leakage at the bayonet-type fitting of the

plankton

that this

For

bucket, but also expedited the processing, it is recommended

technique be used where radioassay is the primary objective.

laboratory processing of the March 1958 samples, the plankton

was filtered and the preservative fluid was tested for radioactivity

(practically lacking) before discarding, thus excluding most sea salt

which might inadvertently have been included with the sample at the time

of preservation. The August 1958 samples, including preservative, wer~

evaporated to dryness, so that the sample from Station 7, including salt

water accidentally

in radioactivity 1.

used for washing the plankton bucket, appeared low

Bottom samples were ashed and counted at Seattle in methane-flow

counters. Plankton data after 1956 are presented as of the date of

counting, rather than being corrected back to date of collecting as was

done for the 1954-1955 material. It is probable that if corrections for
.

decay could have been applied to the 1956 plankton data the levels on the

date of collection would have been found to be about twice as high as

those here given for the date of counting, but data from later collections

would have been practically unaltered.

l~e careful work of Dra Remzi Geldiay at Seattle in processing
the plankton samples of the August 1958 collections is gratefully
acknowledged.

,i ky!i-!
{ ‘1 ‘“. . . .. . ... *->-7----- ..... . .. -
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ris from the ‘ RESULTS AND DISCUSSION

Ltting of the

>mmended

objective. Tables 3 and 4 give the plankton data from 1954 to 1958, including

he plankton the values from which Table 12 of UWFL-43 ( 1955) was compiled. In-

adioactivity dividual plate values appear in order to show the degree of variability,

t sea salt and for 1954-1955, to permit comparison of coarse- and fine-meshed

) at the time net samples. Radioactivity is expressed per unit weight of both wet

wative, were plankton and planktonic ash in order to assess the relative suitability of

sluding salt these two bases of reporting results.

‘eared low Levels of radioactivity were equally high in coarse- and in fine-

meshed nets. The equality prevailed on either a wet weight or ash

thane-flow weight basis among the ten pairs of simultaneous tows with coarse- and

? date of fine-meshed nets listed in Table 3. The higher value of the pair was

.ng as was from a coarse-meshed net five times and from a fine-meshed net five

:tions for ~ times on the ash weight basis, and the same was true on the wet weight

?vels on the In only half of the cases was the specific activity higher for a

m high as ~ certain mesh size on both the ash and the wet basis. The above obser-

collections ~ vation indicates a randomness, or in other words, a lack of correlation
;
3 between mesh size and specific activity.<

In the Laboratory’s earlier reports (AECD-3446: 103; WT-616:29 ;

UWFL-42:31; UWFL-43:47; UWFL-46:9; UWFL-47: 11), beta radioactivity

ing
Ully F “*,-

“

3
—-r -- .---, - - -.
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of plankton as determined in methane-flow counters has been reported

on the wet basis so that the specific activity of plankton may be com-

pared with that of other substances. This involves attempting to drain

water uniformly from the plankton samples at the time of preparing

the plates. The varying water content of the planktonic organisms

causes uncertainty in evaluating the amount of wet plankton being

radioassayed. It was shown (UWFL-53: 19) that if results were based

on the amount of planktonic ash rather than on the amount of wet plank-

ton, the variability in radioactivity of replicated tows was reduced to

only one half the value obtained on the wet basis.

Similarly, the present data for Rongelap Atoll were more con-

sistent on an ash than on a wet basis. The greatest disparities between

the two values for paired tows occurred in the 1956 collections, as seen

in Table 3. At Kabelle Island, the ratio between the two values was onl:

3.6 on the ash basis, but 8.9 on the wet basis, and at Rongelap Island

only 4.3 ash basis, but 8.6 wet basis, so that here, as at Eniwetok

Atoll, the variability is only half as great on the ash as on the wet basis

Further, the ave rage level of activity in plankton from Ailinginae

lagoon in October 1955 was noted (UWFL-43:46) to be higher than in

Rongelap lagoon on the wet weight basis. But if the radioactivity per

unit of ash weight instead of wet weight is used, the

are no higher than in Rongelap lagoon near Kabelle

Ailinginae levels

Island (Table 3).

-.. . . . .. ... . . .. . . .... .=.:’. - ---
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T~us, it seems desirable to report radioactivity of plankton on an

ash weight basis, even though other organisms and substances might

more desirably be considered on a wet weight basis.

Figure 8 shows the trend of radioactivity in the plankton samples

from Rongelap lagoon (from 1954 through 1958) related to time, using

a log-log plot of the beta activity on an ash weight basis as determined

with a methane-flow counter. Data are from Tables 3 and 4. The

dotted line showing a decline slope of -3.5 was fitted by inspection to

the minimal points near 300, 600 and 1500 days, points removed as far

as possible from the peaks caused by the Redwing and Hardtack series

of detonations.

1,

It

The maximum level of the lagoon plankton a day or two after March

1954 may be conjectured by extrapolating back one cycle on Figure 8.

appears that maxima must have been at least 20, 000 #c/kg of ash.

Further reference to Figure 8 shows that the original detonation,

Bravo, must have contributed 100 times as much activity as the Redwing

series, and Redwing 20 to 100 times as much as the Hardtack tests.

The decline picture is characteristic in its pattern. Rises result from

the fallouts, followed by steep declines until the next fallout. An ex -

ception appears in the region of Kabelle Island in late 1954 and from

1956 to 1957.

Figure 9 shows, on log-log plot, the decay patterns of six samples

counted on more than three occasions. Ordinal values on the vertical
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Figure 9. Radioactive decay
patterns of plankton samples
from Rongelap Lagoon.

1. Plate 19020, Labared.j, M?/18~5d
2. Plate 19029, Kabelle, l/29/55
3. Plate 19025, Rongelap, l/26/55
4. Plate 6079, Kabelle, 7/24/56
5. Plate 6076, Rongelap, 7/23~56
6. Plate 6077, Rongelap, 7/23/56
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axis apply only to each curve separately, and do not permit comparison

of absolute radioactivity between curves. The date of reference is taken

as March 1, 1954, because the detonation of this date is believed to have

contributed many times as much radioactivity to the atoll as did suc-

ceeding series. Curves 1-3 (Fig. 9) represent the radio-decay of

samples collected 10-11 months after March 1, 1954, while curves 4-6

pertain to samples collected shortly after the Redwing series. The two

groups differ in both steepness and direction of curvature. The first

group, curves 1-3, decayed with a log-log slope of -1.3 to -1.4 which

agrees with the slopes of the remarkably straight decay curves over al-

most the same period of time for the plankton samples from Eniwetok

Atoll (UWFL-53:2 1). However, the decay curves for plankton from

Rongelap Atoll differ from those of Eniwetok Atoll in having a down-

ward flexure. In fact, curve 2 displays up to the 1, 350th day almost a

uniform half life of about 310 days, and from days 1, 350 to 1, 740, a

430-day half life. Curves 1 and 3 deviate only slightly from this pat-

tern, being steeper in the early sections. Gamma spectrometry of the

sample of curve 2 on November 6 and December 9, 1957 showed Ce144,

of 285-day half life, to be the primary’ constituent, which is presumably

accompanied by small, undetected amounts of longer-lived isotopes,

contributing to the 430-day half life after 1, 350 days. The second grou~

curves 4-6, decayed rapidly (slopes -4.1 to -10. 8) because of the recent

. .. . . . . . . . . /-.
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n (Redwing) of part of the adivity, but with a distinct upward

re inciicziting the effect of the original fallout from March 1, 1954.

~amples 6076-77 of plankton collected July 1956 from the Rongelap

Ig}and vicinity of Rongelap lagoon were more radioactive when first

co~nted one month after collecting than the corresponding sample

(6079) from the lagoon ‘ear ‘abelle lslmd O One of the Ronge~aP

Island samples (6077) was about 2-1 /2 to 9 times more radioactive than

the other two samples and decayed most rapidly of those studied. Thus,

it was evident that there was a more rapid decay of the radioactivity in

plankton from the part of the lagoon near

near Kabelle Island. This is interpreted

recent Redwing detonations whose fallout

than the northern part of Rongelap Atoll

Rongelap Island than occurred

as indicating the influence of

affected the southern more

Decay of March 1958 samples was negligible during the two months

from September to November 1958,

during the month of November 1958

about 100 days, thus supporting the

while August 1958 samples decayed

fairly rapidly, with a half life of

assumption that the increased levels

were attributable to the Hardtack series of detonations.

The rate of decay of the samples collected in 1954 was less steep

than the rate of decline of radioactivity in Rongelap lagoon plankton. In

Figure 9 the decay slopes of curves 1 to 3 range from -1.6 to a maximum

of ‘2. 4, even in the steep portion from 660 to 1, 740 days, while in

Figure 8 the decline slope shown by the dotted line is -3.5, Compensating
,:

-y-. ~. ---. . ..-.
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‘*,.!.<.,- -.. . ,-, ,

for the additions from the 1956 fallout would only tend to steepen the

decline slightly, thus increasing the difference between decay and de-

cline slopes,

The consistent agreement in decay rate between the two plankton

samples resulting from paired tows (last column of Table 3) is a phe-
.,
‘, nomenon of special interest. As examples, the pair of samples from

\“,’ .-, Ailinginae on October 23, 1955 had decay slopes of -1.58 and -1.53
.,’”

while the pair of samples from the same lagoon on the following day
,, ,,

,’.

had slopes of -1.71 and -1. 73; the counts in January 1955 also

nearly equal decay rates for the paired tows. This uniformity

show

in decay

rate for paired plankton tows suggests uniformity in radio chemical corn”

position at any one time and locality, but different composition in the
. .

plankton at different times or localities,

During the first two years (1954-55) Kabelle Island samples were

., 2-3 times as radioactive as those from Rongelap Island. The 1956 Red-

wing series raised the July 1956 values of the Rongelap Island region

above ~ose of Kabelle Island, but by July 1957 Rongelap values declined

to a level far below Kabelie, only to exceed (although not significantly)

.,, .“ Kabelle again in March 1958. By August of 1958.,,. ,,“ ‘.-,’...,. .,.,,.;..,,>P,.,:
cantly higher than Kabelle. The fallout from the,.,..4

. . fleeted in the higher levels of activity in August,

Rongelap was signifi-

Hardtack series is re -

than in March 1958.

.-,

,.- ;“r ‘
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Considering the atoll as a whole, and the three successive test

series, the evidence from Figure 8 suggests that the 1956 series con-

tributed to the plankton not more than 1/ 100 as much radioactivity as

the original 1954 fallout, and the 1959 series, not more than 1/20

as much as the 1956 series. It is further concluded that the northern

part of Rongelap Atoll received a heavier fallout from the March 1,

1954 detonation at Bikini than did the southern part. In contrast, the

relatively slight fallout from later detonations affected the southern

more than the northern parts of the atoll, as is evidenced by the higher

levels of radioactivity in the plankton of the lagoon at Rongelap Island

than at Kabelle Island.

Bottom Samples

Results of beta counting of lagoon bottom samples collected in

August 1958 at the stations shown in Figure 7 appear in Table 5 and

Figure 10. Sample values ranged from . 051 to .28, with a geometric

mean of .089 Me/kg of ash. Ashing changed wet sample weight by an

average factor of O. 47, which included the natural organic matter and

the soap. The soap contained 21 per cent ash.

me highest concentrations of activity occurred at Stations 5 and

6, north and west of Eniaetok Island. Analysis of the samples from the

anchor at Station 10 showed that the radioactivity was not confined to

the top inch or so of the bottom material, but that it penetrated to a

—...



.,
,., ,., .! ,. . . . . ..

.: >?> ,.... ”.-e .,*

.,
,

.“
,:. $.,- -.. ,- -30”

,.’.

W%&-mxR%= ‘a
IA

Oooom woodo o
. ...* . . . . . .

. .

\, .$

,-

,,’

,.”, ,,
.

,’.

*
03*30 *O*A Ln
. .. . . . . . . .* .

. ..

.’
“.’.

., ,. ,
“.. ,” .,.,-

,., , ‘-, -.,,,, .;.,.}-,,

U.)i

C-4
o,,

.,,,
.,-

,,
“in.

Gt)”
!+@

OL%

v

. . . . . . ...\ . ,.



J

\

).

)

)
J

;

.
\

\

.

,1

0

— - —..

_,L#._6- . . . . . . . . . . . . . . ..-’ -------

-31-

)
)

)
,
*

i
I

I

I
I

1

I

I

I

I

I

I

I

I

I

I

I

I

t

8

I

I
0

I

I

I

1

I

I

I
1

I
I

a

a

8

I

I
I

*
8

r----
I
I
I
I
I
t1
I
I
I
I
I
I
t
I
aI*

I 1

I
b

—

. ----
( -

-----

.

I 234

.- ...

-. -.4

r ----- 1
I :

5 6 78910
-2

Station number

Figure 10. Histogram showing beta radioactivity
of ashed samples of bottom material (solid lines)
and logarithm of beta radioactivity of pumped
plankton (broken lines) from ten stations at Rongelap
Atoll in August 1958.
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SUMMARY OF SECTION II

Levels of activity of the plankton for the eastern lagoon were de-

termined nine times in 1954-1958. The first observed level on March

26, 1954, 25 days after the Bravo detonation at Bikini, expressed in

micro curies per kilogram of planktonic ash, was about 2, 000. By

mid-December 1954, it had declined to 50, and by late October 1955,

to 6. Fallout from

approximately 100.

but by early March

the Redwing series raised the July 1956 levels to

In July 1957, levels were still between 15 and 100,

1958 they had declined to O, 3. Fallout from the

Hardtack series raised the August 1958

the last observation. The decIine rate,

levels to only O. 8 -4 pc/kg ash,

disregarding the two peaks fol-

lowing Redwing and Hardtack, but including their later residual effects,

was steep, with a slope of -3.5.

From the plankton data for the years 1954-1957, it was shown that

results were nearly twice as consistent when based upon ash as upon

wet weight, and that there was no significant difference in activity be-

tween samples taken with fine-and coarse-meshed nets. On the ash

weight basis, the levels of plankton in 1955 at Ailinginae Atoll were no

higher than at Rongelap Atoll, whereas they were higher on the wet

weight basis. Decay slopes of pre-Redwing plankton ranged from -1.6

to ‘2. 4, while the decline slope for the plankton of the lagoon as a whole

over this period was ‘3. 5, so that the decline was more rapid than the

decay.
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Lagoon bottom samples from ten stations in August 1958, ranged

from a minimum of O. 051 #c/kg of ash near the south edge of the

atoll, to a maximum of O. 28 ~c/kg near Eniaetok Island. Total beta
.

activity in the upper meter of lagoon bottom was estimated to exceed

20, 000 curies in August 1958. Activities in plankton and in bottom

samples were not significantly correlated.

.

. . . . .. -, -----
+’L
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SECTION 111

FURTHER CONTRI BU~ ONS ON GROSS

OF FISHES AT RONGELAP ATOLL 1954

BETA RADIOACTIVITY

THROUGH MARCH 1958

This report extends the observations on Rongelap fishes beyond

that of Welander (UWFL-55), up to the fall of 1958 and shows the

trends on a log-log, rather than a semi-log basis. Methane-flow

Counters were used as described in UWFL-43:7 except for the August

1958 samples (Eisler, Held, and Joyner, in preparation) which were

counted with flat, Anton 2-inch end-window tubes, using self-absorption

correction factors for K40.

Results, starting with the first fish collections at Rongelap Atoll

in 1954, appear in Table 6 and Figures 11 and 12, showing separately

liver, bone, and muscle of fishes at Kabelle and Rongelap Islands, and

in Rongelap lagoon, chiefly in the vicinity of Rongelap Island. Data are

mOSt plentiful for Kabelle Island where four full years are represented,

while at the other localities observations were not begun until nearly a

year after the detonation of March 1, 1954 at Bikini Atoll.

The rate of decline of beta radioactivity in fish at Kabelle Island

is shown in Figure 11 where the slopes of the dashed regression lines

for liver, bone, and muscle were, respectively, -1, 75, -1.46, and

-1.24. For reef fish liver at Rongelap Island, Figure 12 shows a

.-----
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Table 6. Gross beta radioactivity in #c/kg wet tissue of fishes

from Rongelap Atoll, 1954 through August 1958.

Days
after

Date 3-1-54 Muscle Liver Bone
Locality

Kabelle I. 3/26/54
Reef fish 7/16/54

1/29/55
10/21/55
7/24/56
7/18/57
3/3-10/58
8/58

Rongelap I. 1/25/55
Reef fish 10/22/55

7/23/56
7/17157
3/7/58
8/58

Lagoon fish 12/54 and
1/55
lo/22-
24/55
2/28-
3/2]58
8/58

25
146
335
600
877

1236
1470
1630

331
601
876

1235
1468
1630

307

602

1460
1630

2.7
,5
.083
.026
.045
.028
.026
.0085

.034

.009

.097

.020

.0062

.0046

.081

.014

.015

.0056

200
22

3.2
1.6
1.35

.18

.22

.13

2.0
.60

1.34
.29
.054
.098

2.1

.31

.077

.113

13
2.9

,49
.12
.36
.074
.048
.016

,30
.070
.45
.021
.017
.010

.28

--

.023

.0071

,. ,’
“

,,. ,

>

.

, ‘$

. . .-.-,.
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~ecline to which a significant regression line can be fitted with a slope

Of -z. 02 (dotted line).

ln conclusion, gross beta levels of fish at Rongelap AtoU in the fall

of 1958 were only slightly higher at Kabelle Island than in the vicinityof

Rongelap Island. For the areas of the lagoon sampled, these levels

were (expressed in #c/kg wet tissue): muscle) 0“ 005-0. 008; bones 0“ 008-

0.016, and liver, 0.10-0.13. Rates of decline ranged from -1.2 for

muscle to -2.0 for liver.

In the absence of further contamination from fallout, and at the rates

of decline shown in Figure 11, fish muscle at Rongelap Atoll may be ex -

petted to decline from its present low level of less than O. 01 Me/kg wet

to about O. 002 #c/kg wet, within 20 years. The latter figure is approxi-

mately the level due to naturally occurring K40 in tuna muscle,

Due to its predominant gamma content and low beta energy the dis-

integrations from zn65 may be detected by beta counting to only a slight

extent- - anywhere from about 1 to 10 per cent of their actual intensity.

However, since its 245-day half life ailows Zn65 to decay to about 1.5

per cent in 4 years, and to 0.024 per cent or 1/4000 in 8 years, zn65

could be ignored after a few years.

The almost complete absence of CS 137 or other long-lived isotopes

in fish muscle as reported by Welander (UWFL-55: 15) suggests that flat-

tening of these decline curves probably will not occur before the back-

ground levels due to K40 are reached.

.,. -..’
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