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This is a preliminary report on the plutonium isotopes in

the P.ikiniwater samples collected and vrocessed on the re-

search vessel “Palumbo” from October 1972 - December 1972.

The procedure followed for the water samples was as follows:

About 1(IO- 40(Jliters of unfiltered water were acidified to

?111 - 2 with Con-llClin the steel settling towers 80” high.

The water was stirred by a rising column of air bubbles.
J’

#
Spikes of PU242 and Am243, along with 10 mg Fe/liter as a *9F5

4\ b
chloride and 0.25 ml/liter of 0.3% Separan as a coagulant, ~~’ J

f! ~;t
were added. The spikes contained 4.442 dpm of PU242 and “ ~4

V’$1.697 dpm Am243. The pi-!was raised to a val~leor 9 - 9 by

addition of ammonium hydroxide, the stirring continued for

an additional 30 - 40 minutes and the precipitate was

allowed to settle for two to six hours. Each precipitate

was removed thru a valve at the bottom of the settling

tower and centrif~lgedto a final volume of 100 ml of floc~l-

lant precipitate.

The ferric hydroxide precipitate was dissolved in minimum

amount of Con-HCl, warmed and centrifuged. Undissolved

residue was treated with WV(I3and HJ-to remove organic

matter and silica. After repeated evaporation with l!NO~,

the residue was dissolved in a minimum amount of 8N l!CIand

added to the ori,~inalsolution. In a few earlier samples, ●

! fuming perchloric acid was used, hut is now being abandoned
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in favor of nitric acid. Hydrochloric acid gas was then

Passed fer 15 - ?~ minutes in .an ice-cold solution of the

abo}’esample and iron was removed by ether extraction. The

iron-free sol[ltion was evaporated and dissolved in 8?JHN07..

The maioxity of the samples were clear at this stage, but

when tu~iclitv persisted, HF, 11?!03process was repeated.

2 ml S% ?ia?!02solution was added to the hot RN HFK33solu-

tion of the sample and after cooling was passed thru S ml

NOT form anionAglx-8, (1!70- 200] mesh, . exchanRe column.

After wa~hinr the column with RN HY03

tivelv, VIIwas eluted from the column

75 ml Ccm-l!Cl+ 1 ml 111. The eluate,

and Con-l~Clrespec-

with a mixture of

after repeated evapor-

ation wi?h HN03 and W], was passed thru another ? ml
.

col~lmnof anion exchange resin and then plated on a

polished stainless steel disc at a current density of

1 amp/cm2. The pll]toniurnsample was deposited on 100 mm2

area and countecl*onan alpha-spectrometer system (the

spectrometer consisting of four diode detectors of 200 mm2

surface area). The electronic system consisted of Tennelec

power sqply (TC !)08), a pre-amp (TC 164), a linear ampli-

fier (TC 211), biased amplifier (TC 2S2), Nuclear ~iode

discriminator (VI 531), Nuclear Diode router (ND 521) and

a Nuclear l)ata512 channel analyzer (Series #1301. The

hack~rolrndlevels, based on 3 - 6 day counts, were as

follows: at 4.?~ mev (Pu*42) [o.ons - .0n34 cpR); at 5.15

.0005 Cpm). Resolution of the
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(,T ~:e~ (~~]l~f] . Tach sample was counted for 48 - 72 hours

to coll~ct rcasonahle counts for acceptable statistics.

PT,SII1.TS:

Table 1 gives the data on R series of sea water samples

which were collected inside of Rikini Atoll. T~hl~ 2 is

for the C series of samples collected in the crater areas i

of Bikini Atoll ~nd Table 3 is for the P series samples in

the open ocean surrounding Bikini Atoll. The sam?le loca-

tions and concentrations of plutonium are plotted in Fig. 1,

a man of Rikini Atoll. Following are some of the salient

Points of the preliminary report:

(1)@series sa~les exhibited concentrations of P11239+240

from 35 dpm/10001.to 283 clrm/1000Ii.Higher concentra-

tions were fmund in the northwest and lower in the

southeast.

(2) The concentration of plutonium in bottom waters was

penerally hi$hcr than the surface concentration at the

same location; the only exceptions were sample R-7,

which was collected at the mouth of F?ukojiPass, and

sample R-2~’~rom the east-central area of the IJagoon.
.

The presence of excess plutonium in most samnles from

depth is consistent with the premise thnt the primary

source of PU is from contaminated crater sediments and
/“

●

the physical and biological sedimentation and the

Q

*
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assnciati~n of plutonium with sinkinp marticles j.sof

major importance in the marine distri~uticn of nluton -

illn .

(?) ~~~ ~~~p ~~ti~ of vu 2~~/pu23~+240 in the @series

samples was (0.020 + 0.004) which agrees WC1l with the

ratio of 0.~24 used by Hardy, Kray and Volchock (Nature

\r~ ] . 241, 444, 1973) as an average weapons Pu238/
,’+

pu2 3!3+240., ratio (Fit. 2).

o{fll The concpntratjon Of plutonilm in the C (crater! samples

239+24~/lpooI, and thevaried from ?~ - 2-0 dpn Pu
...

-)z~
averaq~ ?II-” ,p1123Q+?An ratin in these samnles was

P series samrles.

(51 Tn thc@seri.es samples the concentration of plutonium

was the Iowpst follnrl in this s~liteof samples. The P~l

content varied from 4 - 16 dpm Pu239+240/l~fiOI.,except

in n-? surface samnle, which was collected in the

I’.okororyuruPass and whjch contained 97.4 + 6.8 d/m.’

pt123?+240 /lnooll. The hi~h value in this sample reflects

s~lrfaceflow of water OUt of the laRoon to the west.

The averape PIJ23*/PU239+240ration was (0.f141~ .fl171

in the open-sea samples.

(61 The water from the ?uni and Bravo craters exhibited high

J’n
‘?.

p~123R/pL123gratios (?uni

5005530
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the” ?ewa crater, the south side of which is open to the

IaFoon, exhihited low ratios (surface 0.013, bottom

0.0161 which were characteristic of the ratios for the

central lagoon (Fig. 2).

In addition to the water samvles, analyses have been made

on 8 plankton samples from stations at which water samples

were also collected. The results of the plankton analyses

are as follows: I ~
Sample
# ~ ~m239)240/m/

J“
ash d Pu2~9*24~/m/g wet d Pu238/m/ as ??’’

B-2 84+2 7.9 + 1 l.f)+- “1 ,019

R-21 ‘:47 + 2 2.6 + .1 1.1 +- “2
,Q$ti

R-22 “138 + s 5.7 + .2 1,1 +- “1 @P

B-25 ““%15 + 7 5.3 : .3 ●9 +- “2
● blt

R-27 211+fl 1.5+ .4 ●7 +- “5
,,$4

R-31 25+1

C-3 “’$30 + 7

?3-6 ,6+
- “3 .24 : .01 .J +- “1 6“0

,’
~he ratios .#3R,pu239,240

followed the ratios found in the /
-r ,,

Psea water with the C-3 water sample from the Bravo Crater “. ●,’-”’

having a surface water ratio of .04 and a bottom wa

of .06 and the plankton a ratio of @4: ~ ~

o~ltsideof Bikini Lagoon had a ratio of approximately .04 and

the plankton at Station D-6 had a ratio of .05.

0

Three of
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the plankton samples taken in the water of the lagoon had

ratios of .01, two near the edge had ratios of .02 and the

~.qmp]e at P-27, which is directly in the flow or open sea

\(ater t!tro{l~h which you pass into the Lagoon, had a ratio

of .03.

The plankton samples analyzed thus far also reflect the

levels of activity in the water mass in which the plankton

were collected. The concentration factors calculated on

the basis of amounts of Pu23?,240 in the water and in a

corresponding weight of plankton were remarkably uniform.
~+

The concentration factors ranged from 2.4 x 104 to

3.6 x 104 and the average concentration factor for the

plankton samnles analyzed thus far averaged 3 x 1(14x

the concentration of the radionuclides in the water. These

concentration factors appear to be high by approximately a

factor of 10 over those gcnerallv reported in the literature.

.
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TABLE 3——

CONCENTRATION OF PLUTON1[JMIN T1{EIISERIES WATER SAMPLES

Sampl c Volume (L) PU239+240
dpm/l OOOIj

239+240pu2~~dpm/l(JOOI, P112~R/Pu

D1 300m

II 2 Surface

1) 2 300m

D 2 lSSOm

D 6 Surface

D 6 Bottom

D 9 Surface

D 9 900m

66

300

86

84

100

11 .2:1.5

4.2 + ~e4

10.s + 1.1

8.2 + ~e7

97.4 ~ 6.8

OO(j + oel
—

0.3 + 0.1

().3+ 0.2

(J04+ (lOz

002 +O.l

0.7 + 0.4

2.4 ~ 0.8

0.3 + 0.1

I

Mean =

0.0s4 + .009—

(-).071+ .023—

0.024 + .017—

0.050 : .02s

0.023 ~ .013

0.044 + .02s

0.02s + .008—

0.037 ~ 0.016

b
(0.041 : .017)

5005535



—

.1

1x.
r

i
;

... +-,-.
-.. ’”.. ,.* ;; +9-/’ , .* :”*’. ,’. ~

. . . ..- 9 -,,’ .,. -”, “ r.
——J ---~ - —-J

..
4

I s.. ..>.* i ‘ ..* .“’ k’.”.’”’:1

I

1

i

i–- .

..,~. ,., .! -....:’ -: ’,:.:- . . ..’.

i
b - ‘- .. ’’’**’” “n”.. “*’-”. ‘ “..~’’””:

.-. :
.,,

. ., ,
. .. ..1

-

.

.;

. .

. . ,,,; “al’:’: :.’,”,.”.~l,;”’
,,,

... ,.” P .“” ””.. .. . .. . . :.,. .
., .; 1, ,0;..”::.” ,;?... .;‘ ., .

1 .*,,
“ ,+-”” ‘“>/...” -

..- ‘ —
.,. *b’ . e “T%.’‘“

‘- ;.*; ,,, ., .,. .
. .’

, I .“;,’* ‘+=-:,
I ,. -n

,
“..

,.
i.,,-“, , .

5

.’ .
..-

#

.
“. .U !“ ..’. . . ,,..,. .”, .

.+’ .;
..”. ‘
-*, .4

,-
,’ ,,

,. ,. ,-
.

,., t’ “:.’J,-----.,. &&”’’*.’*’- ,(, 4.

;, -

-0.

.

“.”!!l’i’
.

,.
r

-.—--,-—
1.

ii-’::
,..
:!

1,.8:
,’ 1:

-i
,:

,!

. F
u-
w
c
c

“u

.. -. .,q~-,q.,. -.io

.
u .. ..— .1:. ---,$

.*.7.4, ,---
#

.-,

1

i,..
,

. .

---
,1:,,

dtnd--- .V1 AI

L
>~~,,. 0- f’, ,

+ —. _________
:9 -.? --—————.-_—- .

&32 ‘“-’L” ‘ i *— =
1~—, _ x i

,— ---* 7 .— .—



.. ---— . .

I

r~+.._y’; :-:-”’ ‘ -i ‘ . “m : ‘“- “==---- .:- -=:--- ,, -—”___ , “ , . ,, ----

f’$l - I - .’
.- C@ow 3@vl !

.
.

.;

1’
i“.

.,,

!.J I
=,
..

“

‘i -.
‘.

0,03~ 3uUcACe
, *,.,,,

.<. -
:.::: Qal-pq ‘{ “% ,..”’
o.”07k %k” <,L..

Ii O.osbijssom’ ”.-:.’”’- “
* ● ..r

.

OooqSvr+u

: : ~ o.:~1~ fj
1

“1‘ ‘
........-7 .. . . . .

t , . .,- . . . . ....\. . . . .::. ,, . r.:,. l
,* ~.,,

,f ...”.-” ..,3, . . . -..

-. :,-. ., .4... -., ,.-. . .. . “-s, . ,

. ..-* : L+’-’. ‘ ● - ~~“:“’:;:::-......%txr.~~~ .,Q:., .. e.,’.:”. ,’. O-,.:. ... . . . .-.

--1
... .... ....-

1’
.. -..,. ,

J
. . . ,# . -e..-. ,14 +.;.,,., -“”’j”

‘4@t6tif f$c~ :.- ‘,, . - -: . -,.
.“, - .$, 1’ ;I.!.

() 010~1 s UF&

Y

.. 1,.... . . . . . . . . . . . . .1,,: , .,. .
‘1=~.o,o$b.86 ,bfi .-. . .. i:. . . ----- b“’ “ “ .= .:” - * ..:-;~~ .., ,, ~.:: “’””.. ,’ !,* *

“, 0.0-”’ “-’--’-”-

*

.:j.* ?:... ,

hi: ?,l@\T! ; .

‘“l!’:- 1
“. . . .. . . “—. i.– --

‘“l
..-’

.’ ~

,

Atoll and nearby areas.
● 5005531



.- .
... . . — --- - I

B
NI
I
h
-1

1

u

U
●1

,.

“

-.

— ~. & ,- .-!
.

w . !,, W, .—.. .. ~-+.
-,. ...’

-- ,,.’

. I ,,,.‘“”’. .“

w

II .07,~.

I

-1

,. -.— —--—--

..

.:,.
,* 1:

,.

T

..—
,, w u

1

m !, . “
.— .

. .-

.

I
1 ---,---

W, .”., .

{ ‘ ““;’”%-: .

. ..-—

&

I 1----
1- .. . I I

.—--.. —_.—

ini Atoll.

I . .
Dashed line 0.02 ratio

.
-—* —.— — .—

line. Center of

, ●O3 ..~

.. 6.
:Lji?Y??$

. . :<:-..’-- ‘,<”

,ff ‘

,‘..;.-. —., t .,a
‘ ‘.+.7-:-: :+-” :

.

;. ‘ ,6* “ -:.::”” ‘“.’
8

/

-00.2[ .“ .: ‘=”. ~-...-

/
-t .“ .Ii..’. }’::f .:.:”.-..’:.!..”:.’:’.. , . -.# n. ..* .

,} h &&
Lrt~- : ‘::”:. “..:’* .

?’. . .?:= ‘ :..: :.. :=r ,-
1 . * ‘ w.

~~ -:-’ ~f $--”

● . ..

I

. . .- k. -
. , :---- -

,“ := ““>’ =“-> i;% “. ;. w ‘.
n

I

t. ---- ● . . .
. ‘. .- . ,+’$ .m.’ * --# ..k,

.“ ;‘ .d. . ●

/
.,:, .. . . . ..

1

“; - 3: “’ u
=~-.;:.; .“; “.-. C.C-- i.-.. _

‘b
- .,

I

“:&.% . -a “ + ?;: “ .:!
n +1 ‘-

$

......0.’’”:: .“:& * .A.“ , - ~ ,’ .;,:’..=+:’,><;
Cn - ““
C2 --- aols>= & “ . a :~..”r:

@ .:4+

-

,Cn “ ,-. --”

I

,,. :“ % ●*”: ‘.,”’ a:..,..- -

cm “ - ,.---- .

u-l q . :L+-__..
s: r....,

—- .. .
... -

UJ -.,-l..

....1-
“.,-

....-

+*~./&i@ti

$,9c.“IIMIWe *
..

..
●8 .-” * :.

. ** c . .

9

I
..- “ I

Ratiop~238/pu23~s240insurface water of Bik

lagowi had.ratios all less than 0.02 and outer rim had values all greater than 0*02.
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