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INTRODUCTIOK

Pianning for sca-ree gicp ~al or dep sotine of racioirgllal
wastes (either ‘st -1 ow devel) must recessarily acratt (o
the various protesse: ftacliens, 4G raten wrat 1751 trce the

fate of spec:fic ie¢rn -j < otadian.etiides - the evert ©f ricoiy
12lease to tte sedimentary cnviruntert. Mary of the px cesser
icading to reclcase ¢f radienuciides anc Lke migration pathwd
fcr these activities fror purled and, 2@ 01SPoLSed conta:nme
systems leading tact t+ mar have beer cefired {2, 2, 3 cut are
stiil imperfectiy undersiov

significart quartities ¢ piutonium 1sctupes and othe
transurar:cs wili be amoung the longer-lived, toxic raz des
associated with radicliogical waste materials. It 1s tercfore
essentyal tt unéerstand by what processes, if any, at what
rates pluiiuniuT, subjected to various chemical, physicai, and
ticlogicai cisturtances on the sea filoor, migrates pack t¢ the
cceanic water co.ufn,

ERELTVIVN

During the past fow years we have peer conducting studies at
Encwetak and Bikini Atcils to better cefine the envircnrmentai
physical, chemical, and biologicai transport mechanisms and fate
of the trarsutanices and other lang-lived radiovnuciides 1n the
aguatic environments. The radiocnuciides were introducec to the
environments during testing of nuciear devices by the Unitcc
=tates at these FPacific Atolls btetveen between 1946 and 1950 anc
were subsequently depasitec to the lagoon sediments i
association with settiing particulate material. These
1adi1onuclides are studied mainly to evaluate their impact cor
critical processes essentiai Lor the establishment and
continuity of Jife at the atolls and partly because we reccgnize
these studies can provide data of some significance related to
understanding mobilization and migration of plutonium and other
radionuclides from oceanic sedimentary deposits to the water
column and back to man. The radivlogical studies at the atolls
are therefore germane to problems related to the disposal of
transuranic and other radicactive wastes in the pcean. 1n this
paper we ciscuss in-situ results reiated to the partitioning cf
piutonium between S0iid sources and s~llutien in the atol
environment. A great deai of similarity has been {cu 1. the
aquatic choracteristics and behavior of piutonium at Enewetak
and Bikini. For example, the rates of plutonium mobiilzaticn
and atoll residence time are very similar. The results frem one
atoll have gre value in predicting transuranic *-havicr at
other Pacific Atolls and, as we will show, in contrasted
marine environments. Results from Enewectak A. ili we
emphasized and supplemented by data from Bikiri wien 2t is
necessary tc clarify the interpretation of cata.

Enevetak Atull and Plutorium lnventory

Enewetak Atoll consists of 33 islands on an elliptical coral
reef encompassing a lagoor with an area of 931 km2, The
islands, which were given alphabetic covde names during the U.S5.
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 total land area of
aporoximately 6.3 km? are situated on a reef 84 km2, in

area. The average depth of the lagoon is 47.4 m; the maximum
depth is 60 m.

The U.S, moritorium on testing began on 31 October 1958 and
marked the end of all nuclear testing at Enewetak and Bikini

Atolls. The fallout history plus other activities during and
after the testing period produced a very heterogenous
distribution of radionuclides in the lagoun sediments. Today
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A cers.derabic rurier - wac

.
ccliected and ara.yzec f::

1972, Several stucdies are in pregres
reguire data cn comcestrati.res 1o Lage

sampies and locaticn Samp:ed during a late i
the requirements of the prograr. Tatie I sitnmeniy
mear 2394240p, concentratiors anc t range ir Cor.oerttratl. ts
detected in fiitered water Sampies co.sected curirg ciffpre

periods from the regicns of Enewe®ax ard B.x:inl i
showr for compsrison are concentfatl.ns 1in surface watlel
coliected 1-2 m:les outs:de (wrs! a¢ stath. Bikirg ang
Atolls, surfacr concentrations in tre Eguat.rial Pacit:ic
miles directly west of BikIRl, CURCERIIatioRs 1n iago.r water al
other Marshall Island Atolls, anc levels i~ the surface Norze!
Equatorial Pacific water weli away from the Atcils. The range
in values :in the lagoen shown jn Tabio ! i1ndicates there ~:¢
significant spatia} ané rempcral differe ces in cuncertra.icns
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in the water. MHowever, whegever and wheneve: water was sarplel
in the lagoon or on the seef, the €39%2%Up; concentrations
salutlorn and 1n 2550Tiatiur with particies qreariy excecdos tre
0.3-0.5 (C1/4 fu.i0oul packground ievelisn in the Eguat:.a.
Pacifie surlact warerS. These resusts are a difect i1nd:icatiuv.
that 23942405, 1« movilized to sclution fron the 56,13 phases
of the environrent. Concentrations ifi the pefimeter s.rtace
sapples and 1n ths surface water at distances west of Bikin,
show there 1 a flux of pobilized ¢397240p CONYLALG., L.y
aavecting fror the iageon to the Eguatoriai Pacilic water na
Srall but measuraule amounts of £39+230p, are continuousiy
mobilized toc solution from Eources within the Atoil, tesispencen
to the water column for subseguent redistripution bott witign
and ovtside the atoll, and are concentrated by 8i1 laguon
organisms. Thr term "soluble” plutoniulm hezelin refers to thne
quantity of plutonium 1n water samples thar pastes throuj:
f2lters ot stated diameters, A considerable numper of vest

have beern run these past years using filters aof different o ¢
s1zeS. We have fornd that a 1 ®acron fister, DOrmalsy usea Lt
remove particJilates, 15 a5 etiicient a5 0.45- and C,i-ficrorn
fi1ltezs, wWe have peen unable tQ 1dentity the Species of
plutoniym in 3GlutiCR but we have identified many of its
characreristice. We find, for example, it it present tn the
lagoon water 16 more than one vasence 3state; it has sriute .ike
characteristics and passes readlly through di1dsysis rKelfLignes:
less than 6% uf tne plutonium 1h stlution 1o foune ay<eciated
with organicaily nound materidal: the guantity MODI:lz2eC tu
sclution on ihe windward reef 15 reiative., JnCrt arc higniy
complexec when rompated to tho 1ghly exchangeab.e specaies §n
the lageon; the apecies 1N the fagooen has exchange
characteegisti<s simildar 2o fa.ilGutr seve.s \n the ppern OCearn:
d1s50iveo piulDRlam I€estasea on the ree! nas been tracea toul
consideratble oistances by a glutonagw radionuclide ba.ahce wnat
1nvolves tne change in the 238py;239+280p, ravio arn tre

water; the adissclved plutoniur moves in SolutliOn apparentiy
without interacting rapidly with sediment depoS.ts d.ring
veansport; ¢3Bpyu peravior 1s sitiiar te £39v¢d0p, 5.

although we find_some Siml.aritles between the Characteristics
of 241Am and Pu239+240, trere are sufficie .t gifferences an
properties that set trne behaviof of the Lw) L7AN5UIa&n1CHL ajpal

Rates of Piutopiur Loss fror the vagoon

chemacay

A romplete description ot the bioclogical, physival, an
1nteraccions that are potentially capaolie of mobiliz.
21942405, from the soiad segimentary tources alt a3 cural atull
and of the processes moving 22%%*2%0py ty ang witnin tre .ag
water mas:, are beyond tne scope of th.s r1:puort. Ne taxke a jent
sophisticated approach 1n the form ctf radionuclide niagels to
attempt an interpretation at a rather simpie iceves c©f tue pates
and processes aftecting 239+240p, mobiirzation. However, by
following this procedurs we have been able to determine tnat
some processes and mechanisms dominate tle mobilization and
redistribution of 239-240py ar the atalls; some are
insignificant and some appear ifportant put are difficult as yet
to test experimentally.

3

There is e significant quantxlx of environmental data tha: now
shows that the amount of 239+230py nocilized to solution 1a

the lagoon has been relatively constant for perhaps as long as

the past 13 years, The lagoon water mass, with the dissolved .
inventory of 239+240py, s constantly replaced by oceanh water

containiag only background levels of 23%+240py, "1n oraer to

maintain a constant, elevated 239+4240py jlevel Ln the lagoon

water, the rate of plutonium removal frem the atoil must be

balanced by a continuous flux of dissolved plutonium from

sources within the atoll. Horizontal and vertical concentration
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gradients preva:l in the lagoon water mass during any pe:io
sampled. To attempt a material balance, it is necessary @
assume that a reasonable, averaye concentration in the lag
can be derived f[rom the resuits during those periods, wie-
sufficient samples were obtained from the lagoon for anaiys:s
Results from Enewetak during November 1972, July-Augus: .374,
aré April-May 31976 and from Bikini during November 19%¢ a-t
January-February 1977 show that this is a reasonable

assumption. During November 1972 the average concentrat. @ ¢(f
piutanium (scluble plus particulate! i1n the lagoon water at
Enewetak was 32 fCi/i. In_l974 and 1%7€, the average
concentrations of scluble 249+240p, vere 24 and 16 £Ci, .,
respectively, and the particulate concentrations represe~ted 4¢
955¢§§8' respect.vely, of tbe average tota. concentrati.rs 9r

< Pu. Assuring there is, at any time, 44% of the tctal
plutonicor in association with the ggr:;:ulate phase, we estimate
trat in Nevember 1972 10 £C1/1 of 439+240p, was in asscciation
wit" suspenced particulates and l:¢ fC1'1 was the average scluble
ccrcentrat:on.  The Cifferences in the sciuble concenirit.cr
determinec¢ Juring these 3 pe:rinds is not considered

. It should be emphasizec trat the average

. wn 15 based or 1esults each year from a diffciert
rureer ¢f sampies. These samples were quite often take- from
cifferent lagicn lucations. Whern concentrations were cetermined
¢ ester sarp.es from lagoon sta‘:.ons previously Samplec, muze

4 otame <t ¢f 4 the agreeme-t ir measured values wa-
revefore, in spite ¢f sampiing different warer

ey eller: T

es o...ng ciflerent seascrs f d:itferert years, the averaar

ity - f 239+24Cpy in soluti~r, btascu results fror-

Gifterent nuroers vf samples, tar bce: 1c¢o% nably cons RS |
L€l SIRCE LYTL. During 1972 ari .977, the averagc
. N .. o 239+24¢C .o -
cercentraticne of scluble ¢ Pu on Bilkin: lagoon watet
were 406 are 49 [CTi/1, respectively. N. sigrificance ¢ attacie.

t. these differences and, as at Enewctawx, we assume the siard. 3
average amount of 239"‘46Pu in the .dgotn waler mass at

arytime Luc beet. ¢onstant. At Bixini 1n 1972, the averagn
concentravi v o 239%290p, agsociated with 1agOen partic.aa
represented 48¢ ol the total concentrat:on in the water.
average 15 very similar to the mear percentage ncw meas .ic¢
twice at Erewr tok,

™

Witk the appropr.ate dimensior- for each [agocr, the averace
concentrations 1t stlutbor al Erewetak and Bis.oni conmve:rt Lo
plutenium stand:irng inventiry of 0.9 anc 1.7 curies,
respectively. The aveiage irventcries ass.clatued witl La

suspended particulates are 0.7 ané 1.l curies, 1espective.y.

Erewetak the guartity 1in solutiorn represents cniv 0.36% 0 ¢
39+240p,, irventory ir the secimert meassreu - a dert, :
cm :i. the sediment colann and C.0U7%s ol tle teta. invert.:y ¢t a

16 cm depth. At Bikini, the mean sciuble jnventory of

239+24Cpy yn the lagocr, water 1s 0.4C% of the v cuortec
estimated in the surface 2.5 cm layer of secdiment ard C.Crex Of
the 1470 curies inventcry tc a 1€ cr deptl Particulats
inventories in the water columr aie proporiionally Sma..u
fractions of the respective sediment :nventcries. Tre am
239+240py mobilized and found at any time in sclution at
atolls represents a very small traction of the inventc:y
major atcoll reservoirs.

of

Radiological Gata from different biclogical incdicators show that
the lagoon- water residence times vary betwecen 118-170 days with
a reasonable average being 144 days. However, physical
circulation data indicate that the lagoon wates mass, on (.¢
average, is exchanged with the oper ocean at a much more rapid
rate [4,5]). A resoluticn 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+240py in sclution 1s
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exchanged be%ween tle lagoun and crern ccean. A large [raction
of the 239+240p, associated with tre lagoon particuiates is
associated with resuspenced seldime:ls. Very jittlic sedimentary
mate:1sl escapes from the (ageur, an! reSasporden oot tor
material prcbably settles outl again un the loagesr f. oI ciloese to
its point ¢f origin. Therefore, no plutcrium assesiatea with
particulate material is assumeu lont from the lag:.-.

Using the residernce time of 144 days arc the average sujunie

inventories of plutonium, 2.8 ard 3.1 curies, respeciively, are
dischargec annually to the open ~ccan froam Enewetax and Biwirn:
Atoils, If the inventory <o 16 c¢m ir the redxmzr\ e oLumn {1200
curies) is the reservear for tonoa S9+cdly

Enewetak, then the mean afe £ i

1s 435 years. Treom e oo oo i PN
where an,’ 15 o Ioraty ) N
tepreser ts the t ot BeLlment . frly oars Lol

the mear iile.

gr
(1
At Bu W, the Compatec moar Lot p o vre
[T RS S O S T S A X T
celomr, s 4E0 yrars. AL ttougr PR TR S O S
any time 10 thesc lagoon vater gan  ° (Cprecents & Sta.l
fraction of the sedimentury irve.r rp, 18 the moni.ivatin
processes continue at tle same ra: . -t ed o Gl
uep)n*r--- frem the sedimertary erc @ oruwe G gt tine

gan LhaL is short comparec t. e AL 9 Jal ial !

2 erween Sedireny ant Soawutig
[V

Since 239‘2‘30&1 has been townd gn & Lt it
tne Cottaminated

there must be some release of 239 d4lp,
secdiments fo the water phass as v+ neeg
loss b) st re other mears. A nhntco 1
experiments have been concucted ~ith

the lagoons to ariive at a va.uce (-1 e
coefficient (Kgi for pju.cnlj" N

.

measuring the fract.cii uf

LOVLIVEC

sediments while field stud.es inv L)
analysis of interstit:al wate arg 5e.ircit. 1.1 5126
fractions from differ~nt geog:ap! 1co’ regi. r different

depths wrthin the sed:ment Staoa -
experiments with uncontaninated s
values for the djifferent lageon se
105 and 3.6 _x 103 with an aveorage K
of 2.3 x 105,

Nelson and Lovett {6}, recently stucied plutuniom distributions
in the Irish Sea. They found that the average Kg for Pu (+3
or +4} in seawater was 24.9 x 10 while the averege Kp for

the oxidized forms of Pu (+% ©r 4¢: 1n seawa‘'er was 0.15 x
105. The method outlined by Nelson and Lovett 6] was
followed to segarate the reduced {rom oxidized forms of
dissolved 40py in the lagoon scawater at Enewetak and
Bikini. Analysxs of three lagoon uazer samples showed thal on
the average, 92% of the dissolved <3991240py vas in the
oxidized (+5 .r +6) form while the remalmng 8% represented a
reduced (+3 or +4) state of dissolved 239+240p,, These
results demonstrate that different nxidation states of
239+240p, are capable of coexisting in the lagoon water.
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Also usxng the Kg values for the oxidized and :reduced states

of 2394240py from Nelson and Lovett (6], and the fractions of
oxidized and reduced 239*240py in seawater at Enewetak, w¢
have been able to correctly predict our average measured Kg
value of 2.3 x 105, The value cf the ¢istribution coefficient
for any element relates t6 the actxvxty on solids 1n equilibraum
with a quantity in water {Kg = pC1 g=l/pty mi=+;. If twe
species coexist in a seawater/sediment system, then an apparen:
Kg would fall between the two reSpective walues as shown fc
the ¢ifferent oxidation states of plutorium ty Equaticns (I a
(3.

2

+3 or_+4) + pCi 58 or <6

c1 g

L—E‘__: Y} = Kgq opparent

pl1 @l T+ or 441 ¢ pCi mi T{+5 or 6] o
-1

R X ™
Regiy ng suy¥ b2 =i

esor )" M a5 or e PUUEL Tius or ves

o1 i e — £ ¥y apparent
pCi i "(43 or 4y « pCr ml (45 or =t,

Sucr'xtutxng the respective Kg values and the fractions of the
3 red and reduced plutonium in seawater at Erewegtak int:
Eguation (3) results in an apparent Kg cf 2.1 x 10%, which

15 3r excellent agreement with our average mearured valuc. The
range 1n Kg values encountered with sedirents from the lagoun
merely reflect the quantity of oxidized and reducec

r1um species capable cf disassuciation from the fat’icoia
sediments testec.

rage concentratich of 2394240p ir the surface 1€
et at Enewetak and Bikini ate, as frev.eu
“.% pCi1 gm™*, respectively., If the surface

fercibly mixed with nverlying lagucn water, q
terstitial water witlh dissolved ¢ 240n; oy take place.
% fraction of the exchangeatle 239+240p; re, g the saspendel
material will also be liberated during eac! nixirq. There ate
several other identified pr cesses that Tay cag o _maxis Doy

interstitial lagoon fluids and the cissulvea - 10py witr

the lagoon water. Assume that a sxvng.e chemical balance is

centindously maintained between the <39*240L. 1 the
sedimentary sovrces anc the interstitial and -rsface woteg.
The rate at which the interstitial and intetfu:» ~ater m:

ithin the lageccn is balanceé by a flux of . ndercatarate: lag =1

watcr which, then rapidiy eguilihzatns wl the eapose.d
sediments. This process simulateg_ a ° ontirdous tet
ext(actzon in which we allow the 239+ Lelalines oF ot
olid sediments to be continucusly in eguilitriur witl ¢
overlying water column, ard the destrptinin machan.sm fuvs'.w tic
law of mass actiur appiicable to an x;w—txchang \vE
eguilibrium. Tien average concentraticn. < f E
lagoon water at ony time shouwid relate . tte K
average sediment concentraticns. Compute. (pyvert.ties a
average concentrations in the water, us.ny tie b ¢ eguat
relating Kg to concentrations in the water arc sccamert , ate
0.99 curies and 23 (Ci/l, respectively, at Enewetax, andg ..’
curies and 41 £Ci/l at Bikini. There is general acreement
between the average quantities of 239+24Cp; pregicted and
those measured in solution during each ~f thte perieds of 1y7&
1974, 1976, and 1977 at Enewetak and Bixin.. For many reascns,
it may be argued that this agreement is fortueiteus.
Nevertheless, the general agreement found between computec and
the average concentrations in both lagoons between 1972 and 1977
measured Several times supports the contention cf a steady state
condition and demonstrates the general usefulress of this simple
model in predicting long term average concertrations in the
lagoon water.

1.
VaLde ars tie

e



In summary, small guantities of 239+240py are fcund to be
continuously mobilized to sclution from the scdimentary sources
at Enewetak and Bikini Atolls. The plutonium is siowiy being
depleted from the atoll reservoir and is discharged tc the
surface waters of the North Eqguatorial Pacifjc, 2194240p
mohilized to solution hss solule-like characreristvics, is
avajlable for uptake by ovrganisms, and differcnt valience states
are capable of couexisting in sclution., Tt will require morec
than 400 years to mobilize the entire inventory of 239+240p,
from these atoll sediments. Althosgh this perio€ cf time is
long compared to our lifespan, it is small compared tuv the
raciological half-life of plutanium.

The ratio of the average concentration in lagoor water at Bikini
and Encwetak is approximately 1.8. This value is neariy
idertical to the ratio ¢f the mear sediment curcentfatiors <f
9.5 and 5.2 pCi gr™=. The compited mean ves for €39+240pg

in the sediments of both lagoouns are essentially the same

The average quantity of 239+240py mobilized to the water

column is proportional to the aveiage concentrat:ior in the
lagoon sediments. Therefore, geclogical mean lifetimer for
plutonium in sediments from any atoll will be similar to the
rean life as determined at Enewetak and Bixini, and the avetage
corcentration in the overlying water column will be propocriional
to the respective concentrati~:s Ir the secimernt co.urr
considerecd. A simgle Tass ac.iLh Fodel €ar of UECd 1D estimate
the quantity of 239+240p, capable of gissociaticr from the
sediments to solution

e
cific with
Watet,
ceveral other
ifr; represents

i
oceanographic cruise to regiors
V.T. Bewen of Woods Hole Ocearncg:aph
sediment, and plankton sampleS w2re coilected,
ancillary experiments were cunuvcted. The fojils
a sumr.ary of plutoniulm water~column inventorjes
collected for analysis, Some «! these corcliis
ravised after the resulits from sotl labutat ries
comparec.

Inventories of the 239+240py o Gifferent depths {r: five
stations, along with the calculated range, in the Horth
Equatorial Pacific are given in Table If. Staticrs 2 and 4 are
270 to 300 miles to the east and northeast, 1espertivel
Bikini Atoll. Starion 9 (s approximately halfway Ectweer Bikini
andé Enewetak Atclls, Staticn 1L is 15 miles west o© the
northwest reef cf Enewetak and Staticn 13 :s located about 21
miles northwest of Enewetak. Between the surfacc ard 1500 m
dchh there is a slight east tc west gradient the

23 42‘ioPu inventory, but the mean values from all stations
fall within the average inventory of 1,28 + 0,10 mZi/km?

This quantity alone in the upper 1000 m exceeds the estimated
global fallout levels delivered to these latitudes i Tte
inventory of plutonium in the 1000 m of water at Stations 9 and
11 are essentially identical to the quantities in the upper 100C
m of water at Starions 2 and 4. Plutonium concentraticns from 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 are 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 horxzontally Lransported westward that essentially
no change in the plutonium inventory is detectabie within the
upper 1000 m of water west of the atolls when compared to
inventories in this layer east of the atotlls.

At Stations 2 and 4 the average inventory of 239+240py between
1000- and 4000-m depths is 1.27 mCi/km At Stations 9, i,
and 13 the plutonium inventory withinp trls depth _interval is
1.77 + 0.2€, 3.00 + 0,38, ané 1.79 + 0.31 =Ci/km<,

respectively. TheSe amounts are statistically d:fferent 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, pussibly fros the contamirnated 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 contentrations

1f the mobilization rate of plutonium from secimenta:y deposits
cstside the atolls does rot differ from that witnin the ato..s,
the bottom waters of the North Equatorial Pacific musi mov
subtstantially slower than the surface layers to account
increadsed irventories at cepth from the aroll souice terr.
Station 13 is 212 miles west of Enewstak, and exceSs plutonium
is stil]l evident in the deep water mass. The areal exnter: of
ccntaminated kctiom water and the fate of the plutonium
irtroduced toe the deep ocean are unknewn. We carn, how
afcly assume that plutonium in (he ceep water, origina
test series at Enewetak and Bikini, is present at
miles from the atoulls’ source term and moved with the
Gatet to this distance during the last 20-30 veats
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TIWIE 1

Summary of Mean and Range of 2.9+240py Concentrations in Seawater
From Locations in the North Equatorial Pacific Ocean

Sampled

Enewetak Atoll

Bikini Atoll

Kwajalein Atoll

Wotho Atoll

Rongerik Atol.

Location & Region Month/Year No. of Locations MeanZ37+23Upu(pCi/nt )3
Sampled Sampled Soluble Particulate Total
Lagooh surface samples 11/72 29 - - 29,0(0.24-96;
Laccun bottom samples 11/72 6 - — 44.0(10-75)
Lagoon surface samples 8/ 48 23.6(1.4-65) 18.6(0.8-125) 42.2
Lagoon bottom samples B/74 23 28.5(3~69) 18.9{0.9-36) 47.2
Ocean reef samples 10/75 9 114(3-644) N.A.D
Lagoon reef samples off
N. Yvonne Island 10/75 9 94,0(72-120) N.A.
Lagoon surface samples
2 km offshore the inner
Atoll perimeter /76 19 17.0¢2.1-31) 12.6(1.6-67) 29.6
Lagoon bottom samples
2 km offshore the inner
Atoll per imeter 5/76 10 14.0(0,7-26) 15.0(2.6-43} 29.0
Ocean reef samples 5/76 6 26.0{10-70) 58.0(6-167)
Ocean reef samples 10/76 3 55.0¢28-94) 220(71-774)
Lagoon reef Samples 11/78 H 17.0(3~46) N.A.
Lagoon surface samples 11/72 10 40.4(3.9-7%) 12{0.1-42)
Lagoos1 bottom samples 11/72 7 40.0(8.6-64) 7L(5-460)
Lagoon surface sampies 2/ 18 52.0(27-84) N.A.
Lagoon bottom samples 2/71 8 44.0(13-101) H.A.
Lagoun reef samples 11778 2 29,01 T="0) N.AL
Lagoon surface samples 5/75-10/76 10 Q.46 + 0.15
Lagoon bottum samples 5/7%-10/76 1 0.59 + 0.27
Lagoon teef samples 1:/78 1 0.35 + 0.16
Lagoon reef samples 11/78 4 0.32 + 0.20

e




TABEE 1 {Continued)

Tocation & Region Month/Ycar Mo, ~F Locations Meanl TS0 B /e ) S

Sappledd N Saipled  Bampley soluble  Particulate

Bivar Aroll ) -
Lagoon reef samples - 11/78 2

g;ngzatorial Pacific

I-5 miles W & § of Bikini 10/72 4

26~90 miles W of Bikini /78 3

1 mile § of wide pass Enewetak 11/72 5

1 mile 5 of wide pass Encertak 4/76 3

2 miles W of Enewetak 16/76 9

North equatorial Pacific 13/72-7/78 14

a-.vaiupes i parenthesis represent the range in concentrations encountered at locations sampicd.
~~Not analyzex).

e
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TARIE 11

Inventories of 239+240py (mCi/Mm?) in filtrates frm wites colames 0 —sats rs o~ the Nerdd Freatortal tacife,?

tation
umber Location 0-1000 0-72000 2-3000 =400 [N ot -

2 270 mi E of Bikini a4
110 *N 170900 :E 1.19 + 0.07 Z.0F + C.18 .78 + Cuir LT e T A TP

4 300 mi NE of Bikini V07 4300
13040 'N 170° 'g 1.20 + 0.06 1.89 ¢« 014 2,1R + 007 ARt Soeroe 0L Jodd e 0
9 95 mi W of Bikini o
11940 'N 163936 'E 1.23 + 0.07 2.4 & 20 T oo Lo g NP I (I

5204
L RE AN

1 15 mi W of Encwetak (RN
11037 'N 161948 ‘E 1.35 + 0.09 S e 0y L0y EPRE BN

13 212 mi tM of Enwwotak o e R
13030 'H 154%0 'E LI S 0 A e Ao A AT PEEE

rhese {nventories are colculated froo the awctgydy 0 s o rr e . A owlh L T S T S
activity Atly found 1o the gurt o Lre trge e . . N . B I

inventot e
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