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INTRODUCTION 

Pi anr: i ng f "Jr sra-ri-tj ;;. < r. "-a : '.i -Jt-p ^ : i',r of rac 10I • g . ; J 1 
wastes (either ' ; s - •: .<\ levfl; ir.jst i .f-rer.soi i ly ac--..'t I.: 
the various [K'CtiH: rtoriicns, <i-u r-jter, tr.at i-.fi.trct t̂ .e 
fate of speciiic ;< i"-i:vt.: i ad i an..:. i ies ir the over: 'f tic;: 
jelease tt- t U serf irr.pr. La: y cnvirun.tpr t. Mary cf thP prco&se:. 
i cadi ng to u ' c a s r c-f t ad i cr.^ci i dos and the rr. igrat ion pa thvaj '.-
i cz these activities £u:r our 1ed and. o: d is posed eor.ta: nire-1 
systems leading esc-: t- mar have b<?er cef1 red [ 1, 2, 3 " ejt are 
st: 11 ilr.pc-.' f ec tl y undo: •. tooc. 

r. i gni ficar •*. quartitiRf- •••'. piutoniurr. isotopes and othe: 
trar.surar. ics will be among the longtr-l i ved, toxic ra-;. • r.„c 1 ides 
associated with radiological waste materials. It is trf.-reftre 
er, sent i a J tr. under s tand by what processes , i £ any , an- at w!,at 
rates pi u ; •_ r, i u;r , subjected to various chemccil, physical, arid 
ticlogicai disturbances on the sea floor, migrates Oac* tc the 
cceanic wate; ccjiTr-;. 

During the past fpv yea is wo have beer, conducting studies at 
Enet-etafc and Bikini Atolls to better oefine the environmental 
physical, chemical, and biological transport mechanisms and fate 
of the trarsiutar.ir? and other long-lived radionuclides in the 
aquatic environments. The radionuclides were introducer: to the 
environments during testing of nuclear devices by the United 
states at these Pacific Atolls retween between 1946 and 19SG ar.L 
were subsequently deposi tec to the 1 a coon sed i merits 11. 
association w t h settling particulate material. These 
iadionuclides are studied mainly to evaluate theii impact on 
critical processes essential for the establishment and 
continuity cf life at the atolls and partly because we recognize 
these studies can provide data of some s i gn i f i cance related to 
understanding mobilization and migration of plutonium and other 
radionuclides from oceanic sedimentary deposits to the water 
column and back to man. The radiological studies at the atolls 
are therefore germane to problems related to the disposal of 
transurfinic and other radioactive wastes in the ocean. ] n this 
paper we discuss in-sit-j results related to the partitioning cf 
pjutonium between solid sources and s o l u t i o n in the atoll 
environment. A great deal of similarity has been feu:,:- ir. the 
aquatic characteristics and behavior of piutor.ium at Eriewetak 
and Bikini. Foi example, the rates of plutonium mobi11zat U.N 
and atoll residence time are very similar. The results from one 
atoll have gre value in predicting transuranic --havnr at 
other Pacific Atolls and, as we will show, in contrasted 
marine envi ronments, Resul ts from Enewetak A- i 1 i r,e 
emphasized and supplemented by data from Bikini , icn it is 
necessary to clarify the interpretation of data. 

Enewetak Atoll and Plutonium Inventory 

Enewetak Atoll consists of 39 islands or. an elliptical coral 
reef encompassing a lagoon with an area of 931 km^. The 
islands, which were given alphabetic code names during the U.S. 
occupancy, and several land marks including the locations of 
craters formed by nuclear tests are identified and shown in 
Figure 1. The islands, which make a totai land area of 
afiroximately 6.9 fcrn^ are situated on a reef 84 km 2, in 
area. The average depth of the lagoon is 47.4 m; the maximum 
depth is 60 m. 

The U.S. moratorium on testing began on 31 October 1955 and 
marked the end of all nuclear testing at Enewetak and Bikini 
Atolls. The fallout history plus other activities dur:ng and 
after the testing period produced a very heterogenous 
distribution of radionuclides in the lagoon sediments. Today 
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in the water. However , whereve.- ar.d wtirr^ve: water wai sjr^;?: 
in the lagoon or on the iref , the iJ^+i^up^ conctntr at ;or.£ i -. 
solution ar.d in ar.i.oc i a I i or. with particier, Qreatiy «? * c *• <:• d t-3 t:< 
0.3-0.b tCi/J lu.jo»t Background level r. in the Equal' r .oi 
Pacilic BUI I act- waters. These r c c j . u are a direct iraicstn/-, 
that 23&*240 P l J ,r. „, 0 £ j l i 1 2 e d to so in-ion fror the soii: pr.astu 
oi the envi r or.fr c-nt. Concentration;. :r. the perimeter E . I U C I 
samp J es and in trw. turficr water at distances wes t o[ b; K i r,; , 
show there i L a flux ol &obi1iled ^i^ti^Gp^ continuo-L./ 
aavecting f r O T the lagoon to the Equatoriai paciiic water rr.a:.r . 
ST. all but measurable an>ounts of *i''*2*Qp^ ar e cor. t m^OJU', 
mobilized to solution f rom sources within the atoil, tebjsj,tnc<"! 
to the water column tor subsequent redistribution t-ott. wit;, ir. 
and outside the atoll, and are concentrated by ail lagt-cr, 
organises. Thft term "soluble" Plutonium herein refers to ti.« 
quantity of plutoniurr in water samples tr.at passes thtcj-j-. 
filters oi stated diameters. h considerable nuftoei of * e s. t • 
nave beer, :JT. the S O pact years using (liters of dil(erct,t j- : * 
sizes. We have 1 o• *nd that a l Jicron hitei , normai*y usea t •. 
remove particjiates, is as efficient as 0.4b- and C.i-rricror, 
(liters, We h a y e been unable to identity the species <-t 
piuloniun in solution Dut we have identified v.any ol i u 
char ac ti'iistict. Ke find, lor example, it is present in the 
lagoon water in more than one vaience .state; it has s'-luto ii*< 
characteristics and passes readily t n r o u g h diai/sis irerrLranes; 
less than 6% at trie plutoniurr. in sc. 1 u 11 on i L foona a ;, • 'JC I a t <*d 
with organically r.ound ffateriai; the quantity raorji i i zee to 
solution or. the <-; ndwat d reel is r r ; a t i v e M m e t t ana h i g M / 
couiplcxfc when uampaied to the highly exchangeable species i" 
the 1 ago or.; tr.c- ^pecier, in the lagoon has exchange 
charactetisti-jf. sire. 11 ar to la--Gut iive.s in the open ocear. .-
dissolved pjutDf.iuFi reieaseo on the reel r.as been tracea toi 
considerable alliances by a plutoniurr radionuclide bo*ance tr.at 
involves tne change in the 2 3bp u. 23S» + 2 4C*pu t a t i o ir. tr.t 
water; tftt- dissolved plutoniurr moves in solution apparently 
without interacting rapidly with sediment deposits d.i ir.q 
transport; 2 3Bp u oehaviot is siJi:ar to 2 3 < t w 4 G P u j ar j 
although we find some smi.jr111e£ between the char arter ist i = s 
of 241 A l T l and p u 2 3 9 * 2 4 0 j there are sufficie.t ail:tttr,cei in 
properties that set tr.e behavior of the t w:» t r a n 5 u r a.-. i c;. a p a; '- . 

Rates ot Plutonmir Loss ir orr thj? u a goon 

A compl etc description ot the biological, physical, a.'.-; chen J ca * 
interactions that are potentially capaoie of rnobili7.r..j 
239 + 240p u f roir. the solid sed irrent ar y sources at a coral at.; 1 i 
and of the processes moving 2 3 S * 2 4 0 P u l L , 3 r. | 0 w m , i r , t r. e .auL. r 
water mass- are beyond tne scope of th.r, n pui t. We t a <*• a if--' 
sophisticated approach in the form cl radio n cellar u u a g e t s 11; 
attempt an interpretation at a rather bimple ievei of the rates 
and processes alfectinq 239 + i:40pu mobiiIzution. However, by 
following this procedure we have been able to aetermine that 
some processes and mechanisms dominate tie mobilization and 
redistribution of 239->2<0 P u a t t n e atolls; sorr,e are 
insignificant and some appear important but are difficult es yet 
to test experimentally. 

There is a significant quantity of environmental data that now 
shows that the amount of 239+240p u m t j C i i 1 J e d to solution in 
tne lagoon has been relatively constant for perhaps as long as 
the past 13 years. The lagoon water mass, with the dissolved 
inventory of 239+240p u^ i s constantly replaced by ocean water 
containing only background levels of 239+240p u, l n o r a e r t o 
maintain a constant, elevated 23g+240p u i e V e l in the lagoon 
water r the rate of plutonium removal from the atoll must be 
balanced by a continuous flux of dissolved plutonium from 
sources within the atoll. Horizontal and vertical concentration 
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gradienrs prevail in the lagoon water mass during any pe.-ioL 

sampled. To a t tempt a material balance, it is necessa r y t 
assume that a reasonable, average concentration in the la^v-
can be derived from the results during those periods, *;•>•. 
sufficient samples were obtained from the lagoon for analysis. 
Results from Enewetak djring November 1972, July-August 1 -j T 4 . 
and April-May J976 and from Bikini during November 1972 d-ri 
January-February 1977 show that this is a reasonable 
assumption. During November 1972 the average concentra*. . r if 
piu ton:urn (soluble plus particulate' in the lagoon water at 
Enevetak was 32 fCi/1. In 1974 and iS"6, the average 
concentrations of soluble 239+240p u w e r e 24 and 16 fCi,^, 
respect ively, and the particulate concentrations represented 4t 
ar.u 43%, respec l.vely, of the average tot a., concentrators of 
2 3 9 * 2 4 0 P L I _ Assami ng there is, at any time, 44% of the tt-t-ai 
pl^tonium in association with the particulate phase, we estimate 
tf.at in November 1972 1C fCi-'i of *39*:40pj W d S i n assici at; on 
wit"- suspended particulates ar.d Li. fCi'l was the average soluble 
ccrcent ra t: on. The differences in the seiubie concen Lr i t . c 
determinee Jur i r.g t hese 3 pe: iods is not cons ide red 
sicMficart. It should be emphas i .-roc t.'.at the average 
ct •••'•ntra'.K.r. is based or i es^l t s each yea: f rom a d 11 i c : or. t 
r.u.TiT r of. samples. These samples were quite often take- frcrr 
t;!:ncr,l I ag- t r. locations. When cone est ra 11 ons were at tei m i r.e- J 
ir .uter sarrr.es from lagoon sta'.i-.-ns previously sample^., mi;»? 
t!a- J tirrr „t of 4 the agrteirt't ir rreasuiec values u.-
«-> elie't Therefore, in spite cf Sd.tpi l ng different water 
raises c . . r:c*j_ c i f ferent seascr.s <t c::f«re rt years, the uvctac 
•i^a'tity -f ^-•9**4Cp u j n soiuti^r, l.a^eu - results fr.."* 
c.!!erent njrrrjei s of samples, ha; bee-: ; e^*" • n.-iDly consta.t, 0' 
.i--'t sir.ee - y 7 - . During 1972 ar: . 9 " " , Lhe overage 
i-i r-.i-r,trati'.i£ of soluble 239*-24Cpti t „ p l K 1 n - ; a g 0 0 r i wdt-'-t 
we:' 40 arc 49 f'Ji/i, respectively. N. s.grificance IF attac/i^ 
l.. these differences and, as at Enewe-ta-, we assume the fta.-d. ••: 
average ame-on: ui 239-*-240pu j n *j-.e i d g r , : n water mass at 
arytiine i.ir beet, constant. At BiKir.i it. 1912, the avetaq" 
co-ict'.tra L ; . r c i 2j9 + 240p J associated w: t;. lagc c n par L i c ., ± at <:• * 
representee 48% of the total concentration in the water. T':r 
average is very similar u the mean percentage new mear ,:tu 
L- ;ee at E: e-' '.-.^ . 

Kith the apprt.pi.ate dimensior - f oi each . agoe r, the a\ c : a;.:-
cci.oer.tr at i on; i!. s»*„iut ' e.r at Erewetan am' B I *•. . "ii cor.w:' t .-. 
plk-tonium standing invent cry L £ 0.9 anc 1.) Cuiies, 
respectively. The aveiage inventcries associated wi tr ^ J i . * 
suspended particulates are 0.7 ar.c 1.1 c j n e s , i espec '.; vt-. y . At 
Er.ewetak the quart i ty in solut ion repif.e-its v \ \- 0.36* : t:u 
239-*240pu inventory ir: the sec lire*, t meas jr eu • • a dep t. : . . • 
cm :;. the sediment column and C . f S * ^ L tie tito. invert.:-' I a 
16 cm depth. At Bikini, the mean se^uLle inventory L-f 
239 + 2 4 0 P u l n t^,e iagoc, watci is 0. 4C% of the <('•• cJI:O'-
est imated in the surface 2.5 cm lave r of sec me'it ai.d 0. C,"M ; f 
the 1470 curies inventtry tc a 16 cr dept'.. Particular.* 
inventories in the water column ate proportionally sr.a.-e-
fractions of the respective sediment inventories. The a*ri. u t cf 
239 + 2 4 0 P u mobilized and found at any time in solution at the 
atolls represents a very small traction of the inventory I- thr 
major atoll reservoirs. 

Radiological data from different biological indicators shew that 
the lagoon- water residence times vary between 118-170 days with 
a reasonable average being 144 days. However, physical 
circulation data indicate that the lagoon water mass, on i..e 
average, is exchanged with the open ocean at a much more rapid 
rate [4,5]. A resolution of these differences is in progress, 
but for the present, the slower rate of 144 days will be taker, 
to represent the rate at which the 239 + 2 4 0 P L ! j n solution is 
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e x c h a n g e d between the iagu^n and ot cr. ccear.. A largo fraction 
of the 2 3 9 + 2 4 0 p o associated with tr.c- lagoon par t ic J la te-r. ;s 
asso c i a t e d with resuspenued secure.. tr,. V e r y little s e d i m e n t a r y 
m a t e : l a l escapes from ti-e lasO-r., d\ : res .^percer; r.'..* tort 
m a t e r i a l ptcbabiy settler, uul again jn th*. l^g^-r '.i '..r close- to 
its point of origin. T'.rrc-foic, r.-. pljtcr, iur - J S S ' : ; i'oa with, 
p a r t i c u l a t e m a t e r i a l : 7 as s u m e s 1 c,-. t f torn the lag: '•' . 

Us i ng the re si donee t im,- of 1 <J 4 cays arc. thu aver ag*. s;ii ucie 
inventories of pi u ton i uir., 2.8 a r,d j . 1 c u r i e s , r c s p c : * i ve ly , are 
di s c h a r g e e annually to the open -.rcan from Eruv.e to*, a-.d Bi'.ir.: 
A toils. If the i nventory t'j 16 err i r the ted inter t <•- ..xr, (1200 
j r \es ) is the t e.sfc r v. 11 f • J! t. i :i :... U ? P L iJ9^4C, Enewetdk, then the PC-an , l [ e £ : '-'"-'̂  C1 p _ , r t '. i ? 

is 43^) ye;-::,. "".P meai life *' - - f ,'c '. f • - "" tqjc 
where or./t-: is * ••' arn.:,-»: rutc , , ; ; . _^ U ; ,r-t 
icprasfT Lr: the t ! i i s"i.:rp'-t.i:; • .< • i i ; •'.'!... r. 
the mear i i i e. 

At H ^ . i M , tin compoteo rn,.r 1 •- • : •• r • ---1'-'-"' 
;. ec: iir-f.' m y c v r v : t . :* <-. <.,> ; •' - ' *• •'.:• ' * • • •• 
txJjRii , :•=- 4fc0 yn.i:s. A- t l , j ' . ::.•• ,'.-.,.t i; 
any t ifn<. in these 1agoon * ti t r- r rr a'. t <_.•[ r'Tf nt '•> 
fraction of the sed imer. t„r y irv(..i : /, if ;l.e ir.̂ i, 
p r o c e s s e s ccn t i r> je at ti < s u n ; u . • •'"**- '* P , w : 
ue p J e t e c f i cm the ped;rrertJiy err : f ;r. • i • o q 

tha t is st.ort cum pa ret: t • t' >• i '.• . fj . JU . .. rpan . 
;:39 + 2 4 P p ^ 

Exc_hang_e of _P 1 u tcr i urn Bet -• ce r. F e d i rre r. L a.-.-j £ >_• .j•- ,j *• r ; 
Since 239 + 240p,j n a s ff?e r» Lo^nd_i': B < ; _ . : ; O ; . .: • f- -." ii!, 
there must bo some release of ^-'•9-.'4Cpi_ ; . .__ n t. K ci - •. an i na ted 
s e d i m e n t s to the water pha^-i' ar * - -'••:.•- •• <• ?.••:,'/[:.- r - .-
loss by s r r.« other m e a n s . A r.urr ic. • i . -;•. . . •_ • ̂  .•!.;, I *.- r.: t L. 
experimer. ts have been concuct'-d * i ti. cii. turf *.-, atn.: '>'-•<:. ir ents i"r orr, 
the lagoons to ar t i ve at a vmtii (• -i -A.c <\ ? t; i r •:- - < • 
coef:£ iciei'.t iK^i for piutoni jr.^ a La M u t . r y stu(,ic . r-vt^vt-c; 
m e a s u r i n g the fractic;; j.i 2 J9-» ̂ -.'.p^ <•:,.-. l t w ; r : ;r ; ;-,. 
s e d i m e n t s while field stud.es ;i..-'v -e.: i L < •- 1 it--: t: -J- U'ICJ 
a n a l y s i s of interstit:ai -utr ar'J se.;i't;t. Di[£'-:ti.*- size 
f r a c t i o n s from di£fei r-r;t ji.-oc:af.: ic ti' in,;- • •; n:.t. I::?, d i f f e r e n t 
d e p t h s u-:thin the sec :mci.L .-;-.,.. - :- • <. i\ uc. :('..'•; 
e x p e r i m e n t s with uncor, t ar.i r,a ted •j'^-ci L< . . T- e r ;-.(.•;'. i - " r 

v a l u e s for the d i f f e r e n t lagoo n sei . m-jr'-i w;r. bi;:-^ef. L.l >. 
1 0 5 and 3-6 x 1 0 5 with an avcr a a e Kj v d i j ( lor 2 J9-i-JC P u 

of 2.3 x 105. 

Nelson and Lovett [0], recently stuaied pit; tan i jm distributions 
in the Irish Sea. They fouiid that the eveiage KQ for Pu ( + 3 
or +4 J in seawater was 24.9 x 10 w! Ile the average K^ for 
the oxidized forms of Pu [ *•'.• m •> t • in s^awa'.er was 0.15 x 
10^. The method ou tl i ned by Nel i-oi; and Love 11 [f> ] war-
followed to separate the redjeec f:-3in oxidized forms of 
dissolved 239 + 2 4 0 P u j n tt, e ) agoon seawater at Enowetak and 
Bikini. Analysis of three lagoon ^.ater samples showed that on 
the average, 92% of the dissolved ^ 3 9 H 2 4 0 P L ] W O S i n t h e 

oxidized (4-5 ,r +6) form while the remaining 8i represented a 
reduced (*3 or +4] state of dissolved 239+240p u - These 
results demonstrate that different oxidation states of 
239+240p u are capable of coexisting in the lagoon water. 
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pCi el ' (+'J or 
Substituting the respective K^ values arc: the fractions 11 the 
oxid;::ed and reduced plutonium in seawater at Erewetak ir.u 
Equation (3) results in an apparent Kd cf 2.1 x 1 0 - , which 
is jr. excellent agreement with our average rnear jrc-d value. The 
range- in K^ values encountered with sedjrents from the iagc^n 
n ay merely re fleet the quant i ty of ox id i zed an(5 roducec 
l-\ \j *.'•. r. I urn spec i es capable cf UisassiXiati 1 R i run. the f.ui ' u - i d i 
; ag r i *. sediments tes ted. 
T'.v average concent i a t1 c r< of SJy-O-lOp^ j n t f c £ l i I r^rt 10 ,~T , f s":: i m'.". L at Er.eyrtak din: Bikini aic, as pi ev. •. js iy given, • - . 
:-'t; ',. S pCi gn."4-, respectively. If the surface se-d imc;. t .jy.. i 

f f re i bly m i xed w i th over ly i ng la got n v.itei , m ; x i ng of . J.t 
. :.te; s 111 ial water vitr dissolved 2 J 9 + 2 4 0 J J L . Vi)(j;,: uike pljct. 
A fraction of the exchangeable 3̂E» + 240 Ii u .iCi,. (,:> l l Q r, JS|.-,. ndt J material wilj al.">o be liberated during ejci rr.;> ;rq. There are 
several other identified pr cesses Lhat xjy ca j't __ :i,i x i r.g . f t ' -
interstitial lagoon fluids and the uissolvea -:-• + *-JOpj ,„,,*; 
the laqoon water. Assume that a simple chemical balance is 
ccntinuously maintained between the *•- ̂**-'« 0;v i ; the sed i?rcntary sources and the interstitial a;.'-: ;-.'.F rfact v. .̂  • • i . 
The rate at which the interstitial and inter f«;>' -»at<-i m: >. 
within the lagocn is balanced by a flu>. r( .,nde: r 't u r a 1 r • 1 .ly -r 
watei which, then rapidly equilibrates with tie i. >.pos<.: 
sediments. This process simulates a hu-ie c r. t i ru< L;F tat." extraction in which we allow the ^ 3 9 + 2-.LJ^ n-ia int-ti or f • 
solid sediments to be continuously it-. eq~. i - : hi I urn wit! '.;.•. 
overlying water column, and the dest r pt: or, m=chan.5m ii.*'.*- t: • 
law of mass actio,- applicable to an i; i.-exchange ;yci 
equilibrium. Then average concent: <J 11 c :-.. f - 3-*-iCp^ j. tr-L 
lagoon water at t?ny time should relate :• t'e K,-; value ate t:< 
average sediment concentrations. Compute. .r.vert.:ie^ a-, 
average concentrations in the wa to i , us.n>, the has, c e..>dt. • 
relating K(j to concentrations in the wdtc: arc; see. l m e n , are 
0.99 curies and 23 fCi/1, respectively, at Enewetat, and *.] 

curies and Al fCi/1 at Bikini. There is general agreement 
between the average quantities of 239 + 2'lCp. predicted anc: 
those measured in solution during each •-•£ the periods of ly?i, 
1974, 1976, and 1977 at Enewetak and B^ir... For many reasons, 
it may be argued that this agreement is f c : t u i U n t . 
Nevertheless, the general agreement found betuec-n computet: ana 
the average concentrations in both lagoons b* t ween 1972 and 19"" 
measured several times suppor ts the contention cf a steady state 
condition and demonstrates the general usefulness of this simple 
model in predicting long term average concentrations in the 
lagoon water. 



In summary, small quantities of 239+240pu a r o fc-ur.t; to be 
continuously mobilized to solution from the sedimentary sources 
at Encvetak and Bikini Atolls. The plutonium ir, s^owy being 
depleted from the atoll reservoir and is discharged u the-
surface waters of the North Equatorial Pacific. 2VJ-t-240Pi-mobilized to solution has solute-likt characteristics, is 
available for uptake by organisms, and different valence states 
are capable of coexisting in solution. It will require,more 
than 400 years to mobilize the entire inventory of 2~i^*-24Qpu from these atoll sediments. Although this period *,i time is 
long compared to our lifespan, it is small compared to the 
radiological half-life at plutaniurcu 

The ratio of the average concentration in lagoor. watc-i at Bikini 
end Enewetak is appro*iraately 1.8. This value is neatly 
ider. ticaj to the ratio cf the mean sod J men t concentration 5 cf 
9.5 and 5-2 pCi giu"-. The computed .T.ean lives for 2jy+?40 Pj in the sediments of both lagoons are essentially the same. 
The average quantity of 239 + 240 P l J mobilized to the water 
column is proportional to the ave:age concentration i r, the 
lagoon sediments. Therefore, geological mean lifetimes for 
Plutonium in sediments from any atoll will be similar to the 
mean li£.e as determined at Enevetak and Bikini, and the aveiag«: 
concentration in the overlying water column will oe proportional 
to the res pec ti ve concent r a 11 r-r. in ; he sed l.T.en t c c urrr. 
considered. A s imple mass ac . 1 c n IT ode I car or use;; 1 z e.s t una tt 
the quantity of 239+240p u capable of oissociaticr from the 
sediments to solution. 

Conc.jnt rat ions ir £qua tot ial Paz; '. . c Wa'^r L 
Djring June and July 1978, we pa r ; i-. i paleo ir ^ -t:-i oceanographic cruise to regiors -„; the Equate: i-^ Pacific with 
V,T. Bowen of Woods Hole Ocear.og ; ap). i c t ns t i tu'-. . •"•- hatet, 
sediment, and plankton samples wire collected, ;ITA. reveral other 
ancillary experiments were cui-.-jucted. The f o j low i.r .j represents 
a sumr.ary of pi utoni urn water-column inventories : r samples we 
collected for analysis. so-te o;' these CJ; r'. ..s:_-: -. rr-^y t><_-
revised after the results from 00 tl 1 ab:-i at'. 1 ; C-L 31 :• critically 
compared. 

Inventories of the 239 + 2<J0pu t i different depths I' : f i v.-
stations, along with the calculated range, in the N-.rth 
Equatorial Pacific are given in Table 11. Stations 2 and 4 are 
270 to 300 miles to the east and northeast, 1espec:1vely, of 
Bikini Atoll. Station 9 is approximately .'.alfway tc-t wee-r. Bikini 
and Enewetak Atolls. Station 11 is 15 miles west <-r- tr.i.-
northwest reef of Enewetak and Staticr. 13 is ioca tt-cJ about 212 
miles northwest of Enewetak. Between the surface arx 1000 m 
depth, there is a slight east tc west gradient in the 
239+240p u inventory, but the mean values from all stations 
fall within the average inventory of 1.2B +; 0.10 nd/krc 2. 
This quantity alone in the upper 1000 m exceeds the estimated 
global fallout levels delivered to these la titudes [7j. The 
inventory of piutoniurn in the 1000 ir. of water at Stations 9 and 
11 are essentially identical to the quantities in the upper 100C 
m of water at Stations 2 and 4. Plutoniun concentrations fror. 3 
to 10 times higher than fallout levels were previously detected 
in surface water samples collected west of Bikini and west of 
Enewetak. An estimated 3 curies of plutonium ait remobilized 
annually from the lagoon sedimentary deposits and exchange with 
the north equatorieal surface waters. This annual input to the 
surface layers of the North Equatorial pacific is so rapidly 



diluted and horizontally transpor ted westward that essentially 
no change in the plutonium inventory is detectable within the 
upper 1000 m of water west oE the atolls when compared to 
inventories in this layer east of the atolls. 
At Stations 2 and 4 the average inventory of 239+240 p u between 
1000- and 4000-m depths is 1.27 mCi/km 2. At Stations 9, ii, 
and 13 the plutonium inventory within this de^th interval is 
1.77 i 0.2£, 3.00 + 0.38, and 1.79 + 0.31 tr.Ci/km2, 
respectively. Thes~e amounts are statistically different from 
those in the deep water east of the atolls. They show that 
Plutonium may be remobilized to the deeper waters west of these 
Pacific test sites, possibly froir. the contan'.i r.atec sediments 
previously deposited on the outer slopes of the atolls and 
surrounding basin. Concentrations in sediments from the region 
of Station 11 greatly exceed expected fallout concentrations. 
If the mobilization rate of pi u ton i HIT. from se-rimenta: y deposits 
cjtside the atolls does not differ from that M t M n the ato.-s, 
the bottom waters of the- North Equatorial pacific must move 
substantially slower than the surface layers to account £-;,- the 
incieased inventories at depth from the atoll souice terrr. 
Station 13 is 212 Miles west of Enewetak, and excess plut.-niurr, 
is still evident in the deep water mass. The areal e):ter- *„ oi 
cc .-.laminated fcettcm water and the fate of the plutoniur. 
introduced to the deep ocean are unknown. Ke can, hcvovti, 
nafely assume that plutoruuir. in the deep water, or ig; -u.'_. r-.g :;•;;: 
ii;c test series at Enewetak and Bikini • is pteser.t at ,'.'.iS! 2;: 
miles frorr. the atolls' source term and ,^Qved with the i-iui 
water to this distance during the last 20-30 yeats. 
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TV'W.E I 
Summary of Mean ano Range of 2.9- l240 P l J Concentrations in Seawater 

From Locations in the North Equatorial Pacific Ocean 

L o c a t i o n 6 Region Month/Year No. of L o c a t i o n s Hear/WWpi i(ECi/m->)<> 
Sampled Sampled Sampled S o l u b l e P a r t i c u l a t e T o t a l 

EnewetaK A t o l l 
Lagoon s u r f a c e samples 11 /72 29 — — L w o u n bo t tom samples 11 /72 6 — — 4 4 . 0 ( 1 0 - 7 5 ) 
Lagoon s u r f a c e samples 8/74 48 2 3 . 6 ( 1 . 4 - 6 5 ) 1 8 . 6 ( 0 . 8 - 1 2 5 ) 4 2 . 2 
Lagoon b o t t o m samples 8/74 2'S 2 8 . 5 ( 3 - 6 9 ) 1 8 . 9 ( 0 . 9 - 3 6 ) 4 7 . 4 
Ocean r e e f s a m p l e s 10 /75 9 114(3 -644) N.A. b 

Lagoon reef samples off 
N. Yvonne Island 

Lagoon surface samples 
2 km offshore the inner 
Atoll perimeter 

Lagoon bottom samples 
2 km offshore the inner 
A t o l l p e r i m e t e r 5/76 10 

Ocean r e e f s amples 5/76 6 
Ocean r e e f s amples 10/76 3 
Lagoon r e e f s amples 11 /78 

B i k i n i A t o l l 
Lagoon s u r f a c e samples 11/72 10 
Lagooii bo t tom samples 11/72 7 
Lagoon s u r f a c e sampies 2 /77 18 
Lagoon bo t tom samples 2 /77 8 
Lagoon r e e f samples 11/78 t" 

Kwaja le in A t o l l 
Lagoon s u r f a c e samples 5 / 7 5 - 1 0 / 7 6 10 
Lagoon bo t tom samples 5 / 7 5 - 1 0 / 7 6 1 

Kotho A t o l l 
Lagoon xee f s amples 11 /78 1 

Ronqer ik Ato l . . 
Lagoon r e e f samples 11/78 4 

1 7 . 0 ( 2 . 1 - 3 1 ) 1 2 . 6 ( 1 . 6 - 6 7 ) 29 .6 

1 4 . 0 ( 0 . 7 - 2 6 ) 
2 6 . 0 ( 1 0 - 7 0 ) 
5 5 . 0 ( 2 8 - 9 4 ) 
1 7 . 0 ( 3 - 4 6 ) 

1 5 . 0 ( 2 . 6 - 4 3 ) 
5 8 . 0 ( 6 - 1 6 7 ) 
220(71-774) 
N.A. 

29 .0 

4 0 . 4 ( 3 . 9 - 7 ° ) 
4 0 . 0 ( 8 . 6 - 6 4 ) 
5 2 . 0 ( 2 7 - 6 4 ) 
4 4 . 0 ( 1 3 - 1 0 4 ) 
."1.0 ' --'•()) 

1 2 ( 0 . 1 - 4 2 ) 
7 1 ( 5 - 4 6 0 ) 
N.A. 
N.A. 
N.A. 

0 . 4 6 *• 0 . 1 5 
0 .59 i 0 .27 

0 . 3 5 * 0 .16 

0 .32 * 0 .20 



Tft0t£ I (Continued) 

Locaticai ~& Region Month/fear ' No. ^r Locations " ma^^^^fxKpci/n?^ 
Sampled S a i l e d __ , J ^ I ? \ 5 V . _ . soluble Par t icu la te 

S i ^ t fttoil 
Lagoon reef samples 11/78 2 .32+0*04 

Equatorial Pacif ic ~ 
1-3 miles W & s of Bikini 10/72 4 1 5 ^ 6 
26-90 miles W of Bikini 7/78 3 5.0 + 0.8 
I mile S of **itie pass Eiwetafc 11/72 5 4,8 £ j . o 
1 mile S oC wide pass Encwntak 4/76 3 5,3 + J .Q 
2 miles M o£ Enewetak JO/76 9 1,7 + 0-4 
North equatorial Pacific 10/72-7/78 14 0 . 3 8 + 0 . 1 2 
a—-Values ;."• parenthesis reprcse.it the range in concentrations encountered at locations saffipiwl. 
b-~Not analyzed. 
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TAPU: 11 

Inventories of 239+240P u (nci/km 2) in f i l t ra ton i r m •- i • *• - LVIJT-V :• --.it: r •• . - ;!^ Ni-rt! r-^it.-r iai P i c n i c . 

tation 
unber Location 0-1000 0-.7000 0- -CCC C-lIP:1 

270 mi E of Bikini ."MW* 
l i o *N 170°00 *E 1.19 * 0.0? ;.or ; * c . ia 2.ip + c . > _ . - - » ^ . : " .•.*/ * ( \ ; : 

300 mi HE of Bikini a1-"-!?:-
13°40 *N 170° 'E 1.20 + 0.06 1 . 89*0 .11 2.\fl * '.\\' .'. '' *C.' : . ' . - ! ' • J.." .'.W + C..'" 

95 mi W of Dikini ii'-^ui 
11°40 'H 161°36 'E l.?3 +0 .0? ; . ;4 * \ " J.'~ * i-./i' \ • * ..' '..;! * v . ; i.;a * i ' . ' -

15 mi W of Enewetak [C-h>' >' 
11°37 'N 161°48 'E 1.3ri • 0.09 :.v. » n. ;*» \ : » 0 . ; ' J. M * , \ • 

212 mi NW of Ewwotak _ __> >•••*_ 
n ° 3 0 'U !54°oo ' E ).4l + o".t-: :.i~* \ : o :.^'~>'c..i "• ".".•"rv"""•7:"* " " " " . • • •" "~"~ i. \ * ". : 

rhc^e invfnt'u ion aro calculat'''<1 ?i 
activity U"VJ,I1 ly fount) j • *•*• u c ' . 
inventories. 



F i 5 . 1. .r.e^etak A t c ' l wi th ra-'---. a'.: 1. 
j^ ' .ear c r a t e - i . 


