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f>J.HTnt-:JlTM TN THF PTJ<'INI WATFR SAMrI.FS 

T!iis is a preliJ'l'linary report on the plutonium i~otopes in 

the Pikini water samples collected and nrocesse<l on the re­

search vPsse1 "Palumbo" from Octoher 1972 - Decemher 1972. 

The procedure followed for the water samples was as follows: 

Ahout 100 - 4{'10 liters of unfilterec1 water were acidified to 

pit 1 - 2 with Con-llCl in the steel settling towers RO" hiJ,!h. 

The water was stirred hy a rising column of air huhhles. 
~\w 

~~ 
Spikes of Pu242 and Am2 43, along with 10 mj? Fe/liter as a ,,,\\,I·°' 
chloride and 0.25 in1/liter of 0.3\ Separan as a coagulant, ·"~t ·~' 

v 'j\ 

were added. The spikes contained 4.442 dpm of Pu2 42 and I""• ~~ 
• ._e, 
\'-. 

1.697 dnm Am24'.'. The pP. was raised to a value o+ ~ - ~ tiy 

addition of ammonium hydroxide, the stirrin~ continued for 

an additional 3f'I - 40 minutes anc1 the precipitate was 

allowed to scttlP for two to six ho~rs. Fach precipitate 

was removed thru a valvr at the bottom of the settlin~ 

tower and centrifttJ;!:ed to a final volume of 1nn Jill of fJocu­

lant precipitate. 

The ferric hydroxide precipitate was dissolved in minimum 

amount of Con-HC1, warmed and centrifuged. Undissolved 

residue was treated with HN03 and HF to remove oTganic 

matter and silica. After repeated evaporation with HN03, 

the residue was dissolved in a minimum amount of SN JJCl and 

added to the ori~inal solution. In a few earlier samples, 

fttmin~ perchloric acid was used, hut is now hein~ ahancfoned 



I . 
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in favor of nitric acid. Hydrochloric acid gas was then 

nasse<l fC"r 15 - '.!n minutes in .an ice-cold solution of the 

ahove sa~ple an<l iron was removed by ether extraction. The 

iron-free .c;olution was evaporated and dissolved in RN HNO~. 

The ma~OTity of the samples were clear at this staQ:e, but 

when turl:'idi ty persisted, HF, HN0 3 proce.ss was repeated. 

2 ml 5\ ~a~o 2 solution was added to the hot RN HN0 3 solu­

tion of ~he sample and after coolin~ was passed thru 5 ml 

Ag1x-8, (1no - 2no) mesh, NO~ form anion exchanP.e column • 

. i\ftE.'r wa~hin{! the- column with RN HNO~ and ron-flCl respec­

tively, :Ptt was eluted from the column with a mixture of 

75 1'111 Ccm-l!Cl + 1 ml HI. Th£' eluate, after repeatPd evapor-

ation wi-th HN0~ an<l f-'r.1, was f'assed thru another 2 ml 

column o-f anion exchan~e resin and then plated on a 

polished stainless steel disc at a current density of 

1 amp/cm2. The plutonium sample was deposited on 1no mm 2 

area and counted•on an alpha-spectrometer system (the 

spectrolM'ter consisting of four diode detectors of 200 mm 2 

surface area). The electronic system consisted of Tennelec 

power s1~ply (Tr 90R), a pre-amp (TC 164), a linear a~pli­

fier (Tr 211), ~iased amplifier (TC 252), Nuclear niode 

discriminator (~n 5~1), Nuclear niode router (ND 521) and 

a Nuc 1 ear llata S 1 2 channe 1 ana 1 y:zer (Seri es , 1 3rn • The 

hackern1mrl levels, haserl on 3 - fi day counts, were as 

follows: at 4.~rn mev (Pu2 4 2) (n.nns - .on34 cprn); at S.15 

JT1ev (Pu23~+24n1 (n - .nn,4 cpm); at S.4~ rnev (Pu2~R) 

- . onns cp!11). Resolution of the detectors was ahout 
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(17 l:ev (f'Wm'). f:ich samnle was counted for 4~ - 72 hours 

to co11Pct rrasonahle counts for acceptable stntistics. 

Pf.SULT~: 

Tahle ~ives th~ data on R series of sea water samples 

which were collected inside of Rikini Atoll. Table 2 is 

for the C scrjes of samples collected in the crater areas 

of Rikini Atoll ind Tahle 3 is for the P series samples in 

the open ocean surroundin~ Rikini Atoll. The samnle loca­

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

a man of Rikini ~toll. Followin~ are so~e of the salient 

points of the pr~liminary report: 

(1) @series saJ'!"'!'les exhibited concentrations of Pu 239+240 

from ~5 cipm/i noot to 283 dpm/1 O(lOJ.. Hi ~her concentra­

tions were ft:>und in the northwest and lower in the 

southeast. 

(2) The concentration of plutonium in hotto1" waters was 

renerally hi~hcr than -the surface concentration at the 

same locaticm; the only exceptions W<"rc sample P.-7, 

which was collected at the mouth of Pukoii Pass, and 

sample P.-2f· ~rom the east -c~ntra 1 area of the J.ap.oon. 

The presence of excess plutonium in most samnles from 

depth is consistent with the premise t~nt the ~rimary 

source of ru is from contaminated crater sediments and 

the physical and hioloFical sedimentation and the 
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assnciati0n of plutonium with sink~np narticlPs js of 

major iinrortance in the marine distri~ution of nluton-

i llM. 

(~I TrP ~ean ratio 0f ru23~/Pu 2 ~~+z 4 o in the {[)sPries 

sa~n1es was (O.n20 ~ 0.004) which aprees well with the 

ratio of n.n24 used hy Hardy, Kray and Volchock (Nature 

Vol. 241, 444, 1973) as an avera~e weapons ru23Rt 

ru239+240 ratio (Fig. 2). 

(4) The concentration of plutorduri in the (f) (crater) saMplcs 

varied from '7('1 • 2:n np~ Pu239+24f"/1flf'l(ll. and the 

aver~cC' riu2~~/Pu:3a+: 4 n ratin in these samn1es was 

rn.nS~ + .f'O~) whic!i is l'l"llCh higrer than the ~ean of thrJ"" 

P series sa~r1es. 

(5) Tn thc@seri.es sa1"n1es tlie concentration of Plutonium 

w3s the lowest fo1rnci in this suite of sam,,Ies. The Pu 

content varied from 4 - 16 <lrm Pu239+24011nnnL, except 

in Jl-~ surfacr samnle, which was collectPd in the 

rotororyuru Pass anci which contained 97.4 + 6.8 <l/m 

P\1 2 3 ~ + 2 4 n 11 no o 1. • Th h · h 1 · th · 1 f 1 t e 1~ va ue in is sa~p e re ec .s 

surface flow of water out of the laJ!oon to the west. 

The avera!le Pu2 38 tru239+24n ration was (n.n41 + .n17) 

in the open-sea sam~les. 

(6) The water from the Zuni and Rravo craters exhibited hi~h 

P 23R/P 2~0 . (7 • f 0 1~ p f u u _.,__ rat, o~ ... uni sur ace . ."l; rave sur ace 
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n.~9; hGttow, n.057, n.r6~, 0.076), hut the water from 

the·re~a crater, the sout~ side of which is oren to the 

Ja~oon,·exhihite~ low ratios (surface 0.013, ~otto~ 

n.nln) which were characteristic of the ratios for the 

central lagoon (Fip.. 2). 

In addition to the water samnles, analyses have heen made 

on R plankton samples from stations at which water samples 

were also cGllected. The results of the plankton analyses 

are as follows: 

d ru238/m/ 
Sample 

p~Z39,240/m/g Pu2~9,240/m/g # d ash d wet 

B-2 R4 + 2 7.9 + 1 1.0 + . , 
'R - 21 '47 + 2 2.6 + • 1 1. 1 + .2 

~-22 ·t~R + 5 5.7 + . 2 1. 1 + . , 
'R - 2 s . J 1 s + 7 s.~ + • 3 .~ + . 2 

B-27 2R + R 1. 5 + .4 • 7 + . 5 

'R- 31 25 + 1 1.0 + • 04 .4 + .06 -
r.- 3 't3(\ + 1 9.5 + . s s. 1 + . 5 

D-6 6 + • 3 .24 + .01 . ~ + . , 

,,. 

• 0 \'). 

0 ')." 

oeP 

. ,1, 

' 
,._, .• ~ 
-~ 

~) 
0 '\• 

The ratios·~ 2 ~~/Pu 239 • 240 followed the ratios found in the / 

sea water w~th the r.-3 water sample from the Bravo Crater ,,./Jf':-
havin~ a ~nrface water ratio of .04 and 

of .06 and the plankton a ratio of~ 

,, 

water 

outside of JHkini La~oon had a ratio of approximately .04 and 

the plankton at Station D-6 had a ratio of .OS. Three 
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the r1ankton samnles taken in the water of the l.agoon had 

rat in~ nf .01, two near the edge had ratins of .nz and thP 

~Rmnle at P-27, which is directly in thr flow o~ open sea 

h'atcr throurh which you pass into the Lagoon, had a ratio 

of . n'.). 

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 hasis of amounts of Pu 23~• 240 in the water and in a 

correspondin~ weight of plankton were remarkahly uniform. 

The concentration factors ran~ed from 2.4 x 1n 4 to 

~.6 x 10 4 and the average concentration factor for the 

plankton samnles analvzed thus far averaged '.) x 104 x 

the concentration of the radionuclides in the water. These 

concentration factors appear to he hi~h hy approximately a 

factor of 1n over those ~cnerally r~port~d in the literature. 
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TAJ\LE 1 

CONCF.NTRATION OF PLlJTONl11M IN Tiff R SERIES WATF.R SAMPLFS 

Sample Volume (L) Pu 239 +240dpm/10001. Pu238dpm/10001. Pu23R/Pu23~+240' 

R 2 Surf ace 
~ ;j .... 

200 
., . ., . . .. ~,.,. 

217 + 1 .. ~ •. 5 + · o~ r' (0. 0·21 .• .'tl'o 3 

R 2 Rottom 200 2SR + 13 3.R + O.S 0.015 + .002 

B 3 Surf ace 100 20R + 16 3.4 + 0.9 0.016 + ,(l04 ... -
R 3 Rottom 100 226 + 9 4.6 + 0.6 0.020 + .003 

B 7 Surf ace 200 64 + 4 1.3 + 0.2 0.020 + .003 

B 7 Rottom 200 so + 3 1.5 + 0.3 o.o:rn + .006 

R 8 Surf ace 200 78 + 4 1.8 + 0.4 0.023 + .005 -
Bll Surface 200 72 + 4 1.4 + 0.3 0.019 + .004 

R15 Surface 400 109 + 9 2.0 + 0.3 0.018 + .002 -
815 95' 200 16R + 16 3.7 + 0.9 0.022 + .oos 
B18 Surface 200 152 + 9 3.3 + o.s 0.022 + .003 

B18 94' 100 235 + 19 3.0 + 0.9 0.013 + .004 

B21 Surface 200 11 3 + 8 2.4 + o.s 0.021 + .004 - -
0.02R ~ .004.,...W' ~ R21 Deep 200 130 + 7 3.6 + 0.5 

R25 Surface 200 14R + 8 2.0 + 0.4 O.fl14 + .003 

R25 Deep 200 283 + 21 /~ 3.3 + 0.6 (l.012 + .002...-\.-

B26 Surf ace 200 11 7 + 6 1.7 + 0.3 0.015 + .003 

R26 Bottom 200 106 + 1 3 2.4 + 0.9 0.023 + .009 

8:50 Surface 200 123 + 7 2.0 + 0 .4 0.016 + .003 

Bottom 200 1R1 + 21 4.4 + 1.1 0.024 + .006 

Bottom 200 35 + 2 ..,,. \.o O.R + 0.2 0.023 + .006 

5005533 Mean • (0.020 ~ .004) 
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TARl.E 2 

CONCENTRATION OF PLIJTONTHM JN TllE C SF:RJfS WATF.R SAMPJ.FS 

Sample Volume (I) Pu239+240dpm/10001. Pu238dpm/1000L Pu23R/ru23<l+240 

C 1 Rottom 100 229 + R 13.1 + O.R 0.057 + ,(l03 • 
C 2 Rottom · roo . ., ... 2t\9 + 14 11. n • 1 .. 4 0.063 + .nos 

C 3 Surf ace 100 71 + 3 2.8 + 0.5 0.039 + .007 

.C S Rottom .100 2~1 + 15 17.6 + 1.8 0.076 + .008 -
C 8 Bottom 100 147 + 5 2.4 + 0.4 0.016 + .003 

C11 Surface 100 81 + 3 10.9 + 0.8 0. 13 + . 01 

C ·s Surface 100 151 + 7 1.9 + 0.4 0.013 + .003 

~ 
Mean • (0~056 + .006) 

5005534 
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TARLE 3 

CONCENTRATION OF PLUTONIUM IN Tiff: D SF.RIF.S WATF.R SAMPLES 

Sample Volume (I.) Pu 239 + 240dprn/10001. Pu238dpm/10001. p 23R/p 239+240 ll . u 

D 1 300m 66 11.2 + 1.5 0.6 + 0.1 0.054 + .009 ... 
D 2 Surf ace 300 4.2 + 0.4 0.3 + O.l 0.071 + .023 

D 2 300m 86 10.5+1.1 0.3 + 0.2 0.024 + .017 

D 2 lSSOm 84 8.2 + 0.9 0.4 + 0.2 o.oso + .025 

D 6 Surf ace 100 8.2 + 0.7 0.2 + 0 .1 0.023 + .013 

D 6 Bottom 88 15.9 + 3.0 0.7 + 0.4 0.044 + .025 

D 9 Surf ace 100 97.4 + 6.8 2.4 + 0.8 0.025 + .008 

D 9 900m 74 8.7 + 0.7 0.3 + 0.1 0.037 + 0.016 

~ 

Mean • (0.041 ! .017) 

5005535 
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