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3.017 Radiooh.aioa.t £n&lys.s

Radiochieioal analyses were made in the Radiochem-
istry Laboratoriss in CHILTON (APA-38) as described in
Section 2,006 of Volume I. The general purpose of these analy-
ses was to Investigate the presence and disposition of
plutonium and fission products in a wide variety of samples
taken from the Bikini erie. More specifically , the ana l~~see con tri buted to knowledge concerning the vertical
and horizontal distribution of radioactivity in soils ,
sediments and rooks of th e target area , and in addit ion ,

. the distribution of such radioactivity in various miner-
als , sands , skeletons, waste products , and living organic
forms.

The Radioobeniietry Group was composed of two sub- 2

groups, as follows:

A. Plutonium Ch~nists: Dr. JACK SCHUBERT, Mr. D.P.
AMES, and ~.r • M • T. WALLING.

B. Fission Products Chemists: Dr. R.R. WILLIAMS, ‘~
Dr. DM. BLACK, Mr • R. H. EDWARDS , Mr. L • E • GLEN- p
DENIN 

• 
and Dr • • H. HAMILL •

These two groups employed methods developed on the
Plutonium Project to determine which ‘elements were re..
sponsible for the radioactivity observed in the various s
pies. The low activities in large amounts of relatively
Inactive material required careful separations, using
standard analytical gear to break down samples into their
component elements and/or compounds. It was then possible
to make gamma , beta, and alpha counts of known-magnitude
samples in the Counter-Room.

U

S Samples analyzed by the Radiochemletry Group were
brought in from various localities in the Bikini area,
and from target ships at Kwajalein. They Included sub—
stances being studied by the Radiobiologists, the Ex—
perimental Biologists, and the Geologists. A good deal
of the work, for example , was concerned with analysis
of core samples obtained by the bubmarine Geology Group
from the bottom of Bikini Lagoon . In a sense, the Radio-
chemical analyses represented a service required by the
members of several ~oientitic Groups. Results reported
in the following pages are divided into a s.otion on fission
pr9ducta ~nd a section on plutonium.
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For the purpose of corre i~i t 1 r i ~ t :~t rc~ ’~~ t~ ~~~
‘ t ’~. c’

f i s s ion—produc t  survey , t: .t- re~~it ive act 1~~~~ .-~V. ax~: t:~eradiation energies of t L~~’ ~i~ :.~Vicant- f1s~~~~ :r’~:u~ts to
be expected at one year alter ‘V.~~.e ~o::.~ t’. i o ~ l u :. were
calculate4. The results of tLi~ ~alc’:i~~tioz. ~ri ‘rt~-aented In Table Vii Relative activ1t~ t~ &trt ~1ven aspercentages of the total activity . :~‘L~:. p r o d u c t s  con—
tributing less than O .5\  of the total activ ity ~re not..
included.

A. Tests made on cor e samples
- I

1. Instrumentation anc. count1:~

The fission pro duc’ts wire ~ic’ter~;.i~.. ,. ~
y L- t-ta

counting with a Vlctor€t o -It’igt”r co~:.t c :r ~±icohol—argon filled ) and Tracerla). autcsc~.1er cirt :uit . Al].
samples were counted on the top ~ht ’i f  o:’ 

~~~~~ aluminum
sample holder housed in a shield L u i l t .  of let~d bricks.The background of the cour~ter ..~.s ccr.s1~ ter~tly 24 c/rn.The geometry of the top shell’ was determ i~.ed accu—
rately by countir~ wei~ :.ec.~ ~~~~ ics of u -~c~ muuntedIn the same manner as t~~ it  s~ :.Ples w . .i ch  were to be
determined. Uncertainties due to back-scattering and
self—scattering were lar~ei” elirnin~ted by the geometry -

.

determination , since the  U ’~u8 s t a n d a r d s weighed
approximately the same as toe san~ples w~.Icu were being 

- :

measured. The absolute disint~~-ra tiou rate of tJX2was taken as 620 d/m/mg of U3O~ . The geometry of
the top shelf for samples mounte~ u~. ~~tch glasses -j
was 24%, and for samples m~ ur .te~ directly on the
mounting card the geometry was l~’~- . In some cases

S 
samples were deposited on platii4um ~1~ ks in woich casethe geometry was l2~~.

2. Analytical procedures

Radiation p.nalysis. . Ince the  f I s~~ion product
picture at one year is relatively uncompl icated , it
is possible to determine the macor activities by
analyzing the beta and gamma radiations from a gross
sample of mud from the lagoon bottom . In fact , it
developed that this was the most fe~si).le method be—
cause of difficulties encountered in radlochemical. analyses which are discussed later in the report.
Absorption curves of the beta radiations from a sample
of the mud showed that the chief component was the
3 Mev beta of ppl44 (daughter of 275d Cei~.4). The

- 

, 
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yNULA~1tILU~
Ra dioisotope Percentage of Total -ediatlon ~.nergyA c t i v i t y  (Mev )

Beta Gamma

53d Sr89 1.20 1.5 None

25y 3r9° 1.07 0.6 None

65h y90 107b 2.2 None

. 57d Y91 2,50 1.6 None

65d Zr95 7.38 0.4 0.8

35d Cb95 738b 0.15 0.8
42d ~~l03 1.36 0.2 0.56

l.Oy Ru106 ...._.~~. C ~~ c None
303 Rh106 33•8b 3.9 0.3,0.88

33y Cs137 1.90 0.5,0.8 0.75 
- -

275d Ce144 20.6 0.35 None

17.5m pr144 20,6b - 3.]. 0•2 ,1~25a

3.7y 61147 6.04 0.2 None 
- 

H
2y ~~155 0.81 0.2 0.084

‘1
• Table Vfl. Relative fission—product activities at Baker
• Day plus one year.

aLow Intensity
b
~~pported by the longer-lived parent
CThe beta rays or ~~l06 are so sof t that they are
practically undetectable and are not included In
the calculations

• UNCLASSIFIED 
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only other hard beta present In the fJ .e~ Ion products
at one year 18 the 3.9 Mev beta of Rh’°~ ( dauq~hter - 

-

of 1.Oy Ru].06) . By counting through 90 mg/cm4 o~Al, 90% of the beta radiations of Pr144 and ~~10O are
counted (as shown by absorption curves of chemically
separated C.l44 and Ru106 samples), whereas no appre-
ciable amount of the radiations from the other
fission products are counted. The activity due to

was rea~ijjy obtained by chemical separation ofthe parent Ru.LVO and subtracted from the total hard
beta to obtain the activity of the Pr144. In this
manner the detailed distribution of CetPr and Ru*
Rh in Core No. 4 (target centerl was obtained. Assum-
ing that the distribution of 1r95 and Cb95, and the
other rare earths (61147 and Eu155) was the same as
for Ce , the theoretical distribution of these activi—
ties was then calculated relative to Ce from the

[ data of Table ViL The value for Zr-P Cb thus obtaiiLed
was experimentally verified by gAmm a counting on
some large samples (~i0.5 g) of the mud. When the
observed ~~~~~~MMA activity, which at one year is practical-
ly entirely due to Zr+Cb (Ca13? is a significant gem—
ma emitter at one year , but this isotope is not pre— p
sent in the mud), was corrected for a counting
efficiency of 0.8%, good agreement with the theoretical
value was obtained. The distribution of element 61
and Xu are expected to be Identical with Ce because
of the chemical similarity of the rare earths. The
results of the complete analysis of the fission
product distribution of Core No. 4 by the above method
is presented below under No. 3.

Radiochemloal analysis. Analyses for radioactive
• elements conformed as closely as possible to the pro-

cedures described in Clinton Laboratories Report
CN—2815. Modificatio~i were chiefly concerned withseparation of the fission products from the mass of
inactive materials present in the samples; secondarily,
some special treatments of samples were performed in
attempts to equilibrate the fission-product atoms
with the inactive isotopic carriers for reasons djs—
cussed subsequently.

Core samples were dried at 110° C. before analysis,
and gen.rally ignited at 900° to 1,0000 C for two
hours, and dissolved in HN01 for analysis. Subsequent
experiments indicated the ignition may not be necessary
for good results, but ignited samples give clearer

5 solutions than do those not ignited.

(a) Strontium. Strontium was separated from the
HNO3 solutions of core samples, along with some

CLASSIFIED
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calcium , by precipitation of the nitrbte ~~~~fuming 

~ (0i. Separation from Ca was then : - L ’ t ~~~~~

by repeatea extractions with 95% etnyl a1c~ hc~ ,
which selectively dissolves the calcium ni ra~e.Final samples were prepare~ by pr ec Ip i tz~t ioi .
of strontium oxalate from solutions of ~i e nitrate .
Conditions ror the nitrate and oxalate precipi-.
tations are given in Clinton Laboratories Report
CN- 2~ l5.

(b) Cesium. Cesium was separated from HC1
~~ aolutlons of the core samples by the procedure

described in Clinton Laboratories Report CN-2~l5.

(c) Ruthenium. Solid core samples ( ign i t ed  or
unlgnIt ed) ,  or HNO3 solutions of the samples , were ~4placed in a distillation flask , and the separa-
tion of Ru was done as described in Clinton Labors-
tories Report CN—2815.

(d )  Zirconium. Zirconium carrier was added to
the HNO3 solutions of core samples, and zircon ium ~- -

hydroxide precipitated by excess ammonium hy-
droxide. The hydroxide was reprecipitated twice
(after di~ao1vIng In nitric acid ) in order toeffect a complete removal from Ca , which inter-
feres in the next step of the procedure (Lanthejium
fluoride precipitation). when the procedure
was carried out as described in Clinton Labora- -

~

tories Report CN-28l~ , substituting for thei~~Th~ron precipitation a zirconium lodate pre-cipitation from 8 M HN0~; digestion of theprecipitate for 30 mm ~t 100° C results in acrystalline form which was filtered and dried by
washing with alcohol and ether , weighed , and moun-

~~ ted for counting. (Standardization of the Zr
carrier solution was performed by. the same
techniqu•.)

(.} Cerium and trivalent rare earths, Cerium
and Lanthanum carriers were added tOTHNO, olutions
of the core samples, and precipitated as hydrojjd.s
by addition of excess anmionium hydroxid.. The
hydroxides were dissolved in liNO~, and th. resul-ting solution analyzed as d.scribed in Clinton
Laboratories ~~~~~ CN-2815.

3. Results

Gross activity in cor. samples. A large nuabS~• of saapl.3 of the cores taken from the bottom ~~Bikini Lagoon were oountsd in order to d.t.r*th. the

UNCLASSIFIED
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horizontal and vertical distribution of radioactivity ,
as well as the total amount of f~ss1on-product activ-ity in the bottom deposits. For gross activity deter-

• minatlon a , a ~~~ll amount of the core sample (averaging
30 mg) was deposited on a weighed watch glass (one-
inch diameter), dried in the oven at 110” C, and re-
weighed to determine the dry weight of the sample.
The watch glass containing the dried sample was then
mounted 2~ a card by covering with thin cellophane(3 mg/ca’) and fastening with scotch tape. Counting
was done with the sample on the top shelf at 24%

• g.ciietry . The total absorption in the samples which
Includes self—absorption in the mounted material  plus
external absorption in the cellophane cover , air , and -

counter window , averaged 15 mg/cm2.

• The results of the gross activity determinations
are presented in Table VJIL In order to obtain  the - _.;

absolute activity in disintegrations/minute/gram , it
is necessary to multiply the observed activity in counts
per minute by a factor of ten (obtained from the de-
tailed analysis of core No. 4 discussed in the next
paragraph) which corrects for geometry and the ab—
sorption of the beta radiations. The absolute activ-
ity is then divided by the value for one curie , 2.2
x 1012 d/m/g, to obtain curies/gram. Physical descrip-
tion of the core samples was supplied by Dr. R.D.
RUSSELL.

Analysis of core samples. In order to obtain a
complete picture of the distribution of the individual - -

fission products, as well as the total activity in
and on the lagoon bottom, a detailed analysis of Core
No. 4 was carried out. The results of the radiation
analysis of the core sample (described In A2 above)

O
ar. plotted in fIgure 39. The curve f or Zr+ Cb is
calculated relative to Ce from the theoretical ratio
of Zr to Ce given in Table vii. The curve for element
61+ Eu is calculated relative to Ce from the data
in Table vu. The curve for the total activity is
simply the sum of the constituent activities.

Radiochemical analyses were carried out on various
samples of Core No. 4, both for the purpose of check—
ing the results shown in figure 39, and to determine
the presence or absence of other fission products
for which the radiation analysis method is not suit-

I 
able.

Cesium and Sr analyses were carried out on several—
gram portions of the mud , and no detectable activity
above the background of the counter was obtained in

NC~ ~~‘F~1U
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~t ;  case. t .e  aL~~~. ~~ 
* 
~t~St hCt 1~ It it~ ~. t~~

bottom ~eposits 1~. to be xpecteu , si~ c~ Ce ~~ .~r -

are s~~.uble in sea water. The 1ar~~ co:.cehtrhtlLh~
or Na and the apprecihL~ co~ cent~~itlon of r (l~mg/liter) in sea water would also tend t~ proauc~such a result.

The radiochemical analyses for hu (see  fl~~. 39 )
revealed twT rather interesting facts: (a) the cis-
triL tion of Ru in the mud layer of t h e  core (first
five feet) is quite different from that of ttL e other
elements being more dependent on tne de:th In the
core ; (bS the total Ru activity IL t:.e mud Is lower
than expected ( r e l a t ive  to Ce) b:: a factor of about
ten. The low Ru value undoubtedly Is due to the fact
that fission-produced hu is mainly in the iorzn of a
soluble anion and thus escapes in the sea water as
in the case of Cs aria Sr. The reason for the anamo-
b us distribution of Ru in the core is not entirely
clear , but this may be due to a difference in the
mechanism of adsorption. The rare earths , Zr and Cb ,
are known to form colloias at trace concentrat ions ,
which adsorb fair ly  independent ly of particle size
(a s is borne out by the small slope of the curves in
fig. 39), whereas Ru may be adsorbec by Ionic ex-

— change , in which case part icle size is important as
shown by the concentration of Ru in the top layer of
the mud .

Radiochemloal analysis for the trivalent rare
earths (61, Eu , and Y) showed that at least 75% • 

-

of the expected Y9l act iv i ty  was missing from the
mud on the basis of the 6l147+Eu 155 ac t iv i t ies  present .
This was determined by analysis of aluminum-absorption
curves into the soft beta radj.ation .of 61+ Eu and the
hard beta of Y91. The low Y9’ content of the mud very

- 
• 

probably is due to the fact that this  isotope has a
9.7 hr Sr parent which is soluble in sea water and
whose half-life is long enough so that the •th~idstirred up by the bomb settled to the bottom before
an appreciable amount of the Sr parent decayed. A
settling time of a few hours is indicated by the y91
val ue , and this is consistent with photographic data
obtained.

Perhaps the most interesting and certainly the
most perplexing aspect of t~~ radloohemical analyseswas the failure of the .~~lys.e for Zr, Cb, and therar e earths to recover the total activity of these• elements known by beta and g~Immh counting rates and
absorpt ion curves of gross mud samples to be in the
mud . The chemical analyses consistently recovered

- ~
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only about 30% to 40% of the Zr , Ce , anu t r 1 v s 1. i~t
rare earth activities prt~sent in samples of CoreNo. 4. ~ Ince the results of the chemical allalyses
were lower than exp ect -v d , special  at tempts were
made to bring the rad ioac t ive  atoms into th sanie
chemical state as the carriers. For this purpose ,
a portion of sample 1,2.5 (Core No. 4 )  was washe d
with water , drleu at 1100 C , pulverized , and mixed
thoroughly. 3amples of this material were then
subjected to var ious  severe chemical treatments in
the presence of Ce and Zr caçriere , and the resulting
material  analyzed  for  Ce and/or Zr.. The results of
these experiments are shown in Table IX. A matin al
b~.J.ance experiment on the Ce analysis indicated ttm tactivity losses occurred chiefly in the supernatant
liquid from the fluoride pr.oipitation, and in the
Zr iothit-e rreclritation .

The failure to recover total activity by obenical
analysis in spite of preliminary treatments of the
mud i n c lu d ir~ i~ n1tion , and fuming with various acids ,oxidizing agents, and complexing agents has not been
encountered before in radioohemioal analyses of
fission products, and it is possible that we era
dealing with a new and hi~ hly refractory physical or
chemical form of the fission products formed perhaps
by the terrific heat and pressure of the bomb on
the bottom material. The failure to achieve inter-
change between carrier and activity in perfectly
clear solutions regardless of chemical treatment Is
a matter deserving further investigation.

In order to determine whether the amount of Ce
activity recoverable by chemical analysis was constant
throughout the lagoon bottom, Ce analyses were per-
rormed on HN0~ solutions of three additional core
samples. Determinations of Ru also were performed
on the same samples , so tha t the percentage of the
total cerium recovered could be osloulated . Results
of the analyses are given in Table x • The values
given ae~~ota1 Ce” refer to the total hard beta
activity , minus the value obtained for Ru.

Examination of Table~~ will show that the de~reeof recoverability of Ce act ivi ty  is greater in cores
that  are some diatanci from the target center; more
striking , however , is the correlation between the per-
centage recoverable and the gross specific activity
of the sample. A possible explanation of these re-
sults can be based on the assumption that the non—
recoverable atoms were those whioh were blasted
directly, at high tempera ture , into the bottom mat eria l ,

- 
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Sam p ie Treatmen t % Ce k~ecovered % Zr hecovered

1 Metathesla wIth 37 35
1 M H2S04

2 ---- 40

.
3 ffl~i03, H202 28

4 11N03, boIling 37 ---—

5 I, 37 — a ——

6 HP , KBr-01, 47 30
HNO3, f~áing

I—

Table Ix. Ce and Zr aiialys.s on .ainple 1,225(Cor.
No. 4 from botto.o of Bikini Lagoon).
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whereas the recoverable fraction represents that
which was adsorbed by the mud particle. from the
sea water following the blast. On this assumption ,
the particles which are most finely divided should
have the highest sptoiflo activity (c/mm /gm) since
the smaller particles remained susp.nd•d for a longer
period of time and presented a greater specific sur-
face to the water , and thus contain more of the re-
covera ble (adsorbed) activity. Furthermore, the fact
that the fine particles remained suspended for a
relatively long period of time explains the high spe—
cif IC activity values of samples at greater distances
from target center . The tact that the non-recoverable
Ce ac t iv i ty  (in c/mm /gm ) tiso is somewhat lower in
the high specific activity core samples seems to
indicate that this form of the fission products is
concentrated to some extent in the finest particles.

In line with these conclusions are three ob-
servations: (a) equilibration of a portion of sample
1,2~5 with aquasous La carrier removed only 5% of
the ac t iv i ty , whereas a portion of sample 1,085 ylel-
ded 25% of its activity in a similar experiment , in—
dicating a much greater contribution of surface ad-
sorbed activity; (b) ruthenium activity, which apparent-
].y is adsorbed by the mud rather than being irreversi-
bly fixed in the mud (see fig. 39) ,  1. considerably
higher in the shallow muds at some distance from the
tarfet center tnan in the target center mud ; for
example, the Ru activity In Core No. 4 Ia equal to
about 10% of the Ce activity, whereas in the shallow
mud s Ru runs 20% to 40% of the Ce; (o) the activity
In the shallow muds drops ofr quite rapidly with
depth , indicating a dependence on particle size.

S 
4. DIscussion

From the distribution of fission products in Core
No. 4 (fig. 39) and the physical description of the
core ( Tabl e vIIj~, It Is seen that the radioactivity
is concentrated in the upper five feet of the core,
which corresponds exactly to the thickness of the mud
layer. A sharp drop in activity at about five test
is correlated with a change from mud to coarser mater-
ial . Approximately 90% of the total core activity
Is contained In the mud , and this appears to be the
case throughout the Bikini Lagoon bottom. 

- -

5 4~’rom Dr. R.D . RUSSELL’S data on mud depths obtained
1’rozn coring , it is oaleulatsd t~~t thsre are about
halt a million tons or 4.5 x lOLL gm of radioactive
mud on the lagoon bottom , corresponding to 2.7 x 1011
ga dry weight. From the gross activity data of
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Ci

~~
i
~

iE
~5 Tab le VIII, it Is calcu1at~ L tL .t t~~t - ver~~ e ~pecirIcactivity of t h e  s r ;t l r e  r~u~ L~~~osit is four tl ,es the

specIfic uc~ivity at t:~. . ur~ c t r ~t t r , which is taken
as ~.2 x 10 curie s per ~-;a. The t3tal 1’Is-ion—
product çtctivlty In i~ikini Lagoon bot’om is therefore2.4 x 10’ curies.

B. Other fIs-~h-ri products tests

The most prominent fis~Ion prouucts present aroundPikini ~toll one year after the ux icerwater t iast are
shown in fable II. fhe relatIve p~ I-cexA ta~’ts of thef is~;~~ n products In the mud of ~-ikini Lapoon and thehalf—thickness values ~ re approxir-rate.

1. s-iobiological s r  ;-le~

J~e ~ac~ ot- i  i~~~ 
(
~ro ~p s-~rveye~ th e &lstritution

~f gross fIssion-t-~roduct activity in the tissues of a
v ar i ety of fish caught in the region in and around

r-i kir.i Lagoon . Their samj—les were mounted on steel
plates or dI~’- ks . The asLii~ - of a weighed amoun t of
wet t i ssue was cone directly on the p1a~ e. A num ber I-~f
these i~.ounted sar~;-les was loaned to the Rad iocnez .istry - 

-

Group,  a~ d absorption curves were con s t ruc t .~ ~o
terize , qualitatively, the f ission products ~~ e . t - - --
in a given tissue ash .

Study of the absorption curves shown In figures I~0and Z4 ]. lead to the conclusion that t he  soft tissues and
bone of th~ fish have retained zirconium aria columbiumin preference to the other fission products , notably
cerium . The concentration factor is at least of tue
order of 10 and probably more • 1.0 chant e in relative
concentrations seems to have taken place in the al gae ,
feces , or In the sponge.

• It may be seen fror.A flgureslio and4l that a H
soft component of about 8 mg cm~~ half—thickness Is H
observed In the liver , kid ney,  and bone of the f i sh  H
t issues studied . This naif th ickness value l ies h etweer
those of :.r and Cb. Since cerium is not held preferen t —

— - j elly it is not expected that the low energy rare earth
emitters would behave differently, inasmuch as they are
very similar chemically. It is probable , therefore ,
that the observed ha lf-thickness value of 8 mg cm~-represents a mixture of fr  and Cb.

• ~‘he amount of self-absorption in the mounted
biological samples is not known rrecisely , because no
weIghing s of t he  ashed residues were made. The sel f—
absorrtiori values In general ranged from about 25 mg

—1?
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Radioisotope Perc~nta~’e of TQt~l Relf-Thjcknes~netivity in MudV Value (mg cm ’-)

Ce’44 75 190

2 12

Ru’06 20 250

~i’~~~+ ku’” 5 5
Cb 95 O G.5 3

~~ ‘hese resu l t s  are b~ søu on ~~osr a c t I vj t I ~ r ue~~surecwith about 15 m~ cni total absorber .

Ta ble XI. Relative percentages ai~i half tiLjCr~~.€s5vajues of’ t-r~e principa l fisrion products nt hc ker
~~~~~~~ ~~~~ one yea r,

.
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• cm~~ In t~ e case of the bone sample (No . 936) to about
10 ~g cm for the soft tis~ue samples. About 4 mg
cm ’ Is allowea for the a bsorption equivalen t of the
air and count ’er window.

In order to confirm the selectiv e retention of
soft beta—emitting substances , the absorption curve of
a thin mud sample (No. 1,203 ) was run. The total self—
absorption was about 5 mg ca 2 . The Xlalf-thickQeas value
was determined in detail in the region 5 mg cm ’ to
35 mg cur 2 (f ig. 141) , and was found to be 35 mg ~~~~~
Thi s result- eliminate~ any doubt tna t the observed halt-

S thickness or 8 mg our-’ was due merely to a difference
in self-absorption between the mounted biological samples
and the mud and fecal samples.

The selectiv e retention of Zr and Cb probably is
due to two principal facts -- the colloidal nature of
Zr and Cb , and their  property of forming extremely
insoluble phosphates. The colloidal nature of Zr and
Cb would cause them to be retained by soft tissues through
physical adsorption , and by the liver through tt~ torgan ’s known capacIty to store colloidal matter of all - —

kinds .  The fractions of Zr and Gb which get Into b~~~would remain , mainly because of the formation of m aul—
uble phosphates. -T

Why cerium and the rare earths are not held In
relatively larger amounts iuay be due to a greater degree
of solubilization of these elements by the constItuents
of t-;.e bodily fluids of the fish. As a result, the
excretion of cerium and the rare earths would be facilI-
teted .

2. ~dib1e products from Bikini Island

~amples of green pandanus f ru i t , ecible tubers ,
green cocenut “milk ” , and ~- r e t x .  coconut meat were
ashed and gross counts were taken at arproximately
l0~ geometry , wi th the followIng resul ts:

Sample c/miri/gin

41 gui pandanus ~- .6 H
36 gui tubers (Tacea: (‘ .~~~

Taro root)
50 gin coconut juice 0.3

. 30 gin coconut meat 0.4 -

3. ~ea urchins

Specimens were ~ubm1t ted for ~na1ys!s by ~r. ~~~.
‘
.
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Algae ~1” -Sample -159 - - ~~~ ~~

190 m~ cm~~
— 0 

- - - -

— ~~~~~~~~~~~ -j

%

0
1k~

T~ 19k. ag om”~

TA 7-d mt: om~~

Live r , ~ii~c~ -~~r~zeon Fish Jample l,tfOl

•

- - - - 

~~~~~~~

- - -

L~~~
’ 

~~~~~~~~~~

50 100 
mg ~~~~~~~~~ ab aor t -ø r - -uo

2
_
50

-



I
• 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Liv er , Sy~ anid

~~~~~ ~~~~~ ~~~ .
T~~~~35a~~ cm~~ 

.
~~~~~~~

. 
~~~~~~~~~~~~~~~~

— -- . - .  , .

l~ 1 , 2~ - j ,  ~u-i -~o:-e
TA = ~~ fT~~ ~~~~ -~ t~ .-- S -- 0 —I

100 ~~~~~~~~~~~~~

—1~

U~
0

T
~~~ 

8 ~~ OL~2 

~~~~~ :~: : r B

10 

- B ~~ su rgeon Fj sh~~~~

S~mp1e 93~ , B€~re , ~‘I~thead

~~~~~ t~~~~
— 1- i1IIT~ ~~~~~~~~~~~~~ 

‘

Y:~~ ~: ~ 
j f

fl ~~~~~ 

i i 1~~ ~~~~~~ , I t
~~ T T

- , - - . - +—f~
-4----t - -4

~~~~~t - * - - -f -4 

~~~~~~~~~~~~ + - 4 - ’ - - 4 - -  - — - , - -
~~~~~~

‘ 
~~~~~~~~~~~~~~~~~~~~

~ 
4

- - - 4 - - - - - - -. 
•

ED c
5 10 15 2ô 2~ 30

— 

mg om 2 absorber -~~~‘_ -

-- ‘



-
a-

I ; f ’ c ~ .~‘ - - ‘~~~~ -

i ~~~~~~~~~~~~~~

.

I 0

IJ O

- - ..-~~~V)

~ 1

• 

— 
- :i “- --4

- L~~ ~~~~~~~~
- - —4 ~~o

—l - 
—5,- ~~~~

- - -
- - I 1~~ 

O~~
- -  ~~~~~~~~ ~ ~~~~

4.) - - 
_ , I _ , , _ _ - ~~- - - - - - -  ~~ ‘~~~~~‘ o

• 
- 

- 

- : ‘
. ~~~ 

I t

o - - - -   ‘~~~ I , ) .  ~~~ -

C) - - - ,
~~ 

4 1
- - - - 

-

~~~~~~~~ _

~
— r — — t f -~ ~~t — -

~~~~

I I :~, 
~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- - 
~~~~~~~~~ 

-~~ ~~~~~~~~~~~~~~~~~~~~~ 
—

4 

H ?  ~~~~~~~~ 

~~~~~~~~~~ 

~~~~~~~~~~

~ 
~~ 

t ~~

~~~~~~~~~~~~ ~~! :~~~~~~~j L) ~~ ~ 
~~~.: ~4. ~

I f t

~~ ~~~ ~~~ - I

~~~
- — S  - - I ~~ ‘ ~~~~~~~• ~ ~~~~~~~~~ ~~ 4

- 

- ~ 
Lj) ~.1-L ~. ~.iJ ~J ~i_L1- .~

) 
~ 
ii- . 1 

- i. -1 £ ~ ~~~u ~•bauber ag ~~ 2 4~~

-i----- -,.. -~~ ~--, ~— - — ~- - -



- -_-~~~~~~~~~ 
—- --

~~~~~ - — - -  -S- -~~~~ 

I
- 

‘
- .. -

1
,--~hI~~-~Hh. These animals were separated Into two por-
tions : the viscera , and the tests (outer , calcareous
“s ells ”). The foregoIng mat3rials were ashed , d is sol-
ved , and 20 mg precipitated as ferric hydroxide. This
preci pitat e, at ~‘0~- geometry , counted as followc:

Sample c/mm /gm

5 gin viscera 312
S gm test 18

The whole viscera sample (a~ Fe(OH)3) wasdissolved in 10 ml of acid and aliquots taken for gross
absorptiox,~ curve arid individual radioisotope analyses. - I

Figure 142 shows the gross absorption curve obtained - 

-

on 1 ml of this solution. There Is evidence of an
important wea k beta component . RadioIsotope analyses -

, -

are given below ; no chemical yields are available hence
the  result s are qualitative:

j~.stimated Added ‘- IRauiolsotope Aliguot c/mm Chemicói Yleld Absorber

hu 2 ml 20 10 - 20% 90 mg cm 2
Ce 2 ml 150 70% 90 mg cur2
Sr lm l 0 -- 0
Zr 2m1 0 -— 0

J rne other 5tudles made at Bikini found that the Ce
an a l y s i s  give low results , so It appears tha t Ce—Pr
and :-u-}th account for the hard beta . Failure to f ind
Zr was somewh at surprising , since there was considerable
wea- t~et’i in the gross.

4. halimeda

1-iallmeda was treated w it h  acid to remove various
-i~-tce growths and dissolve calcareous portions. Three

. ty pes of material were then examined : (a) the undissol—
ved cellulose , (b) acid—soluble materiel in a terrlo
Lyuroxiut~ ;reci pitate , and (c) solid material removedrr -

~~~ . the acic extract by filtration , with shredded
paper athied . (Affords opportunity for adsorption of
trace materials in the  acia solution.)

i~ll sa~nles were ashed , and small portions were
t - ik ~-~ f-~r gross ahsnrption curves. These curves are
given in figure 43 , aria show no marked differences as

__ to r~-l~i1 ~V . u~:n iiits of soft anu hard betas. The soft
~ t - t ’ j~ : ~~~~~~~~ more than that expected if the activity
•— --1t - ~ ‘~~t -~~~ - l  

~
- — i~r , ~ i 4 ( ~~i ci~t inp that Zr may be concent  r a—

— ~ 
j~ ~,

~~~~ were analyzed for hu— }th , witL
- - 
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counting done at 90 mg cm-2 added absorber. Samples
(a) and (o) showed no detectable Ru—Rh counts from
a gross of 75 c/mm and 4 ,145 c/mm respectively.
Sample ( b )  showed 20% to 30% Ru-Rh activity. In
each case it may be presumed that the remainder of the
activity detected through 90 mg cm-2 of absor ber Is
Ce- Pr.

5. Sand from spit midway between Bikini Island and
Amen Island.

This sand gave a field reading of 10 to 15 times
background, a conditIon which is general for the region.
Sand samples were taken at the surface and at 1 ft, 2 ft,
and 3 ft below the surface. Samples or 1 to 2 gui 

- -~~were ignited and dissolved , arid allquots evaporated
for counting. Results were as follows:

Sample Weight (mg ) c/mm c/mIn ,~.*
Oft 42.4 0±2 ---
1 ft 35.3 9±2 250 approx.
2 f t 42.1 0*2
3 ft  75.0 6t 2 80 approx.

In order to achieve further sensitivity, a 21-gram
sample ftom the surface was ignited and dissolved. A
few mg of ferr ic hydroxide were precipitated with a
few drops of Zr , Ce , and Ru carriers to ensure co-
precipitation. This precipItate (10 mg to 20 mg) was
mounted and an absorption curve taken (fig. 1i4).
Analysis of absorption curves indicates chiefly Ce.
A Ru analysis was performed on the whole sample and
gale no Ru-Rh activity . For this comparison the counts
were taken at 90 mg oar 2 added absorber.

gross (90 ag ø*-2 ) 1,O~6 c/mm
Ru—Rh (90 m,g ow2) 1.2 c/mm

6. Tar d.posit on rocks from sand spit northwest of
Bikini Island

Field tests showed that some pat oh.s of tar were
more radioactive than any other specimens •xamined
between Bikini Island and Aa.n Island. Dittsrsnt sp.ci—
mens of tar gave widily differ ent r.adings. A small
sample , believed to be representat ive of the more active

S d.posits, was taken for detailed analysis. Tb. %ar
was dissolved In oai’bon tstrsohlorids and the r.eidual
sand wash.d rsp.stedly with carbon tetrachioride. The
extracts were ooabin.d and •vaporat.d to dryness at

—25. ~~~~~~~ -~~~~

~~~~~~~~~~~~~ ~~~ -~~-- ~1 - __________ - iii
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~100° C. The tar was ignited and tho ash dii~sc~~~ed in -
~~~~

!11~ j  aliquots of this solution were oounted for al )’hs ,
~ro~s bobs, Sr, C. and Ru. Results were as fol1ows~

Sas~,l. ~et~~t in ~. oJztnJ~~ El•monts

sand 0.068 1.1 x ~~ cross beta
ash 0.00087 3.6 x 10~ cross beta
ash 0.0087 2.7 x 10b0 Co—Pr
ash 0.0087 6,2 x Ru—Rh
ash 0.0455 2,3 x io~
* Observed oount at 140 mg om~~ absorber, ~~~~ - ch i olud.s
one—half - -.t’ Pr bet&s, and no C. betas, Twc~ and one—half
time. t~~ observed count gives th. total for ‘e and Pr.
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~‘ i t ~— , ~~ ~~~~ 
- Theta-, 2.2 Msv~~

~~~~~ of the re1~tively slo’w iooi~y ~~
‘ t~~ parent

ca. V~ it is to be expected that a l arge r fi’action
of the 89 fission chain will osoa ro fr on a base sur~~su ch as the cme for~~d in Teat T~. Ther ft’re , the Sr
to 3r9° ratto aipht well be less tha~n that predioted abo’, .

• I -

__
~~. - - •-S~ ~

•

-2’?— ~~~~ ~-~D



-

‘

- -- I  —
S UNCIJ~SSIF1[ll

The Isolation of Sr consisted of three successive
strontium nitrate precipitatlons, three ferric hydroxide
scavengings, and a final strontium chromate precipitate
which was dried with alcohol and ether and weighed.  The
absorption curve obtained immedIately after Isolation o1
the FALLON ~ample i~ shown In figure ~5. The observed
ratio of Sr09 to Sr~1O was 0.55. The ,~AIN’NRIGIiT samplewas not sufficiently active to provide a good absorption
curve,

In order to teat the purity of the Sr activity , the5 two precipitates were re—dissolved in a d a  ana the oxalate
precipitated , dried , weighed , and counted at 0 absorber
and 90 mg our2. Specific activities (c/mm /gm ) obtaIned
were:

Absorber FALLON WAINWRIGHT 
- 

-

(j n ~~~~~~ ~~— 2 )  - - 
-
~~~~~ -

1st pp~ . 2nd ppt . 1st ppt. 2nd p~pt.

0 47 58 3.0 3.06 —

90 1]. 12 1.06 0.65

The only significant change produced by the second
precipitation was that noted at 90 nig ow2 for the
WAINWRIGHT sample , which suggests that some Cs contamina-
tion may have been present in the first precipitate. From
comparison of the specific activities of the two samples
(second precipitate) at 0 and 90 mg-car 2 added absorb er ,
it is apparent that the ratio of hard to soft beta is
about the same in the two samples.

The activity growth of the two samples was observed
through 90 nig cm-2 absorber , to determine the growth of

S 
- 65 hr y9u, with the following results:

O D a ys 3 D y s
FALLON 12~ ofmin 33b cfwin
WAINWRIOHT 12 c/mn 33 c/aim
The fo~,going t~gures confirm the preceding result that
the Sr°~ to Sr~ ratio is approximately th. same in the
two samples. The activity growth at 90 ag ca—2 ad4.d
absorber indicates that there is less Sr~9 than Sr9°

— when 4~e a11ow~nce is made for the ditfer .nce in absorption
of Sr°~ and y9V~

S The oorr.otion factor for the weaker beta (Sr89 )
will be about 1.33 at 90 ag cm—2.

0 Time (8z’89) Growth (7~r9O ) 
-

- ~~~~~~~~~~~~~~~~~~ 
Si , FALLON 12 c/sin 2]] 0/5111
Computed 21.1 c/aim

— ---~~~~~~~ - - -  --- - -  -- - - - - -~~~ -- 
~~— ~~~~~~~~~~~~~~
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—. ~UNCLASS1F~EO
Furthermore, in three days the growth of is only
ab~~t eO% oosI9~Ste. ~~. foregoinj~ cal~alation gives
a ratio of Sr° to Sr appr li.&t&1,7 equal to 0.5,
in fair sgree!~iTt with the previm&s d.teraination.

PLU’FONflN

A. ?lutont~~ content of oore es~~ 18 a

Table XII lists Pu assays on several core saq les made
both by analycea (using the onpfe rron extraction n~thod)
and by direct alpha c ounting of a thin xaid de~osit. It was - 

-

fotmd that *h- ~L.’~~cal analyses were erratic, vtrying from
50 to l~;Cr~ 

-
~~~~ tI~ value obtained by direct cotzntint . Direct

~~-o4~tct tc~~~iv—i t-v ~~- i  v~- r-- ’~ - -l iffere nt cores.

- 1 ’ri~~ 1~~~~s
4~-

~~~ • n - ~ ‘
-
~~~~~ ~ ~~~~~• i ~~ ‘~cluded vegetation from

1 lr- -~, - - 
~~~

- . -~~L~ 0 ” ~ev,ral fish species.
‘ -

~ ~~~ - - -
~~~ 

- - - 
~~~~~~~~~ 

-
~~~~ 

- - :; - - - -
~ ~~~~~~ --~ere r~~~dod bythe —

- ~~~~~~~~~~~~ 
•- - 

~~~~~I • 
- -~ 

- • : -~r i ~~. restdue was smal l -we re 
~~~~~~~~~ 

‘: :1P ~~.-- r: v~ore assayed by che~~ cal
- ,  - - ~- - • - . ~~~~~~~~~~~~~~~~ of t~~ s anpies probab]~-r- - . ~~~- r ~~~~~~~ ~ ~~~ 

- ~l 
- y - . of t .~~-i ;~~~~ not been determined.

— 
- -  1- 1 - -

- - - i : :
~ I- . . -:- L- Jc-~ io wi th  a narallel plate

~id ~~~‘~~~~~~- - of ~~i 
j~t circuit . This init~~~~nt

c~
’ a -t  r-~ tvo~ ranufactured h the inst runmnt

sec ti -~~~ the A ::~ kflO k r 1T -nt t l  Laboratory , Chicago,
Illinois. Tho -cnr~- r~- —~is at~- ut 50 , and a specific
ac-tivity of’ ‘~~~ ,JOO c/ r ~~; ~r-~icr~~ rtu-; ()I’ Pu was used
in the ca1 yil~ t~ -n s ,

2. A: aivt i ~-a ~roc€ i -  r~’ a

All sanplcs wore ashod ir’ -,r V r to remove organic
matter. In sos~ i istnnce~ s~~~ le~ ~~

“ biological
material were wet ashed by ‘~~te rnate treatr~ uta with

‘
~~~
“
~~ A ” r~:~~~—

- .~~~

-
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UNC1ASS~FIED
• Só.mpl LocaUon Dry WeI€M Method of Crams Pu

Numbe~ Relative to of Sample Analysis per gin ~~mp1e
______  

Target Center (gm ) 
_________  

fi 10 )

1,224 Target Center 3.88 Cupferron 3.3

1,228 3.16 “ 
4.4

1,230 “ 3.60 “ 0.6

S
1,226 “ 5.003 9.2

1,227 5.002 5.0

1,207 300 yd SW 5.004 5.3

1,256 300 yd WNW 5.003 4.9

1,203 600 yd SW 5.063 66.3

1,203 600 yd SW 9.6 x ~~~~ Direct 72.5
______  -_____________  _________  

Counting 
______________

1,212 3~)00 yd ~E 4.6 x i o3  DIrect 128.8
______  _____________ _________  

Counting 
______________

1,560 480 yd SbyW 13 nig Direct

• 
Counting 4~ .3

1,568 475 yd SEbyE 9.3 mg Direct 60.0
______  _____________ _________  

Counting 
______________

1,574 400 yd ~~~ 4.7 nig Direct 60.6
______ ______________  __________ Counting ______________

Table EL Plutonium content of core samples.

• UNCLASSIFIED



___________ __________ _______ 
— 

-~~~~ S ~~~~~~~~~~~ — — — -~ — —

- 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

- 4 

—, -

5 fuming HNO and 30% hydrog 11 peroxide until the a”~
was white tMUC—Hg—l,217, p1 describes wet-ashing proceaure
in detail). After ashing the residue was completely
soluble in HNO3 or HC1. When a sample containe d very
little solid matter after ashing , the acid solution
was transferred directly to a Pt dish , dried , flamed ,
and counted .

When the acid solution contained very little Ca
but considerable residue , the Pu could be advantageous-
jy carried by a lanthanum fluoride precipitate. The
method used is described in Manhattan Project Report,

• 
CL— D~I-l. Solutions high in Ca content were most
rapidly analyzed by the oupferron procedure . The
method is detailed in kianhattan Proj ect Report8
CN— 2,204, p.5 and MUC—TOJ--33, p.19. Complete recovery
by this method was not achieved , hence parallel
blank runs with known amounts of Pu tracer were made.
The average of ten recovery runs was 53±3%. The
absolute accuracy of the cupferron , as checked by
direct counting measurements , was quite satisfactory . 5%.

3. Results - F
Table X~~lists the Pu content of biological 

-- 

-

materials analyzed. Apparently vegetation on Bikini - 
-

Island , algae , and fish did not contain any significant
amounts of Pu. The amount of Pu in relationship to
fission products was less than might be expected .
In fish tissues this result could be due to high
retention of Zr and Co. It seems reasonable to assume
that in the case of fish , metabolic behavior of Ce
and fu are similar.

Examination of Table cv will show that sea water
‘was practically free of Pu. Similarly, urine from

5 
a wild dog captured on Bikini Island (Plutonia ) in-
dicated that the animal probably had less than 0.1
micrograms of Pu fixed in her body. The black
material from core sample No. 1,2t3 appeared to be
a carbon-rich substance derived f rom petroleum.
It~ radioactive content, while less than that ofthe core itself , exhibited the same distribution of
fission products found in mud.

Under the adverse conditions of alpha counting
which existed , it was not possible to take counts
long enough to reduce statistical error appreciably .

S 
Under good operating conditions the coun ter background
was about two dislnt.grations per minute. Pour
disint~grations per minute above background , or 0.3
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i’LUT C ::Iu~ C0I~TENT oi t~I0L0C1CAL MATERIALS

S+trnpl€ Source Organi3m Tissue Method of Crams Pu Per
Assayed Analysis ~~ ~et Tissue

______  _________  _________  _______  __________  
(x_io-flJ

l ,02t lor~ Yellow— Gills Direct 3.6~0.8l,(~’~~ Island Lined I3one Deposit
Squirrel Cupferron

______  _________  
Fi sh 

_______  __________  ____________

1,000 Ion Black Feces Cupferron 3•~~O.~99t~ Island surgeon Bone
-______ _________  

Fi sh 
_______  ___________  _____________

991 ion Spotted Muscle Direct
5 Island Grouper Deposit

989 Gills Cuprerron
988 __________ __________ 

Bone C - :

~94l Coral ‘Flathead flyer Cupferron l ii )
Head •
1 ~~~~

______

920 Coral B1ac1~ --- ---
919 Head Surgeon Gills Cupferron 2 7 t 3
_____  

)~709 Fish 
_ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _

91b Coral Tied S~,1een Direct -
~~~~~~~~

Head Squirrel Deposit
911 1 709 Fish Gills 

_ _ _ _ _ _ _ _ _  
2.1+30.4

495 C~iiton ~~‘€ani d 
- 

Kidney Direct 0.44~0.3Anchorag~ Deposit
497 Liver 7.4
4~4 

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  
Skin 

_ _ _ _ _ _ _ _ _  
2.9+0.3

~~~ Coral Goat ~~~~~~~~~~~~~~ Direct - 

Head Fish Deposit
444 2.007 _________  

Gills 
__________  

173 Coral Grouper Testes Direct
Head Fish Deposit

172 1,709 Liver
167 

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  
Bone 

- 0.57*0.
120 500 yd Dogtooth Kidney Direct 0.524-0.

5 astern Tuna Deposi t
117 Chilton Gills

______ 
Anc hora~ e 

__________ _______ ___________ ______________

95 Algae ~H’ E~tIre Direct
______ __________ __________ _______ 

DeDosit 
______________

North ~.nc Tuber Thtire Direct
Bikini Deposit
Island Pandamus

Corn “

Green
_ _ _ _  _ _ _ _ _  

Coconut 
_ _ _ _  _ _ _ _ _ _  

S
Table fl]I.
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3,018 Soi ls  C:ien~ ;try at bihini

The soi1 che~~ist-ry s t u d i e3  were concerned only with the
lagoon l ot tom ~ed irsen~ o’ ta:ned by coring in t.e Test i- t aj -~ et
area. This ~ateria1 - -

~~~~ o~~~ :~~ne d f r - n ~i tne Submar ne Geol -~~y
Group, a:.c was test~ In t.~e —~ dIochemIstry Laboratory b: ~-r.L. F. ~1EATZ.

The first studies were made in an attai~ipt to determinehow the radioactive materIa1~; were n~ ld by the mud particles.
It was surmised that the rad~ o~ ctIve materials were adsorbed
on the finer mud particles by cation exchange. This ~‘rocess
is tue means by which most cations are held in s’Il.; ‘ “ t-~~~
alumina—silicate colloidal iiaterial. Th e cat i on eY c fl~~i e cape -
city of a series of sample:; from Core I:o. ~, t~ k t n  ~ t t-~ etarget area center, was deter~dned by t e  u~ onium acetate
method as described in U. S. Department oi’ AerIcul’~..ure Circ .No. 757, pg. 8—10, with sli.- 1t modifications. The results
showed that the surface foot of raud had a cation exchanre
capacity of 0.5 milliequivalents per 10~ .0 gm mud (dry weight- ) ,
whereas , the remaining 8 feet of core showed a :~cro exchai; . e
capacity. It Is believed this slight amount of e:-change can
be attributed to the small amount of organic .matter present
In the surface toot . Sinc e the mud is practically ~ure

• calcium carbonate, few free valence bonds of tae t - e  w~Jch
give rise to cation exchange capacity in alumina-silicate
minerals would be expected to be present.

The ammonium acetate leachate was boiled to dryness,
taken up with concentrated nitrIc and hydrochloric acids ,
boiled to dryness aga n, an~ ~ina 1y takefi up wi th 0.1 N
-~itric acid. An aliquot was evaporatcd to dryness on a
watch glass and gross beta co~nts tLthen. ApproxIm ately 2%
of the gross beta count was removed by the ammonium acetate
leaching. An abs”r~tion curve t~iken on this materialrevealed that the major portion of tue radioactive substance

5 was cerium , with a small zirconium component.

SIn~~ it was evident that the radioactive materials
were r . !d by normal base exchange , another a~~roach was
made to th~. problem. Dr. JACK SCHUBE:—T of the Radiochemistry
Group has done considerable work with the radio elements
and states that at the pH of sea water , the rare earths
cerium, plutonium, co1u:i~bium and zirconium would behave
nainly as radio collolds. As such, these elements would be
adsorbed to the finer mud particles and held in t~is manner.In order to t cnove tne radio element from such a colloidal
complex it would be necessary to form solubiL complexes with

•

-- - -—5- 5-—- —--
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Fi~ -~~ 46 .~~u1uc -€~;i~ ts working In the counter-room
O r :  ~-- ( i-i~~- 3 ? ) .  Left  to right: 1~r. D.P. A&~~ ,

- .T . L~~-C , br. ~~CK SCHUBERT , ~:r. L.F. Sk~ATZ ,
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Fi€urt 41. .r. .h. hA).2~aLL performing a fission-
product analysis in the Radiochemistry Laboratory
aboard CHILTON CAP 8) .  ABCR Photo No. 5090—10 .
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the radio element which would all~ v the element to cO into
5 solut ion. ZIrconium , colunbium , and niutonium a”e more eas~1y

oonpiexed as oxalates. Cerium , ‘md mo:~t of the other radio
slomonts , are more easily oomplexed into r ” uhle citrates .

A study was undertaken to determine the effects of
variou s o omplexlng agents on the removal of radio elements
fran the lagoon mud. The 6-inch sample fr~m Core No. 2 atthe target area center was used. Solutions employed were
0.1 N Lad 1 made slightly acid ; 0.1 N tartaric acid ; 0.1
N phosphori c acid ;  water ,  a nd n 2~ so lu t ion  of siethylene b lue.
All of the a’ld solutions were - rought to pH ‘.0 with ooncen-
trated ~~~~~ The mud was oven dried at 110° C overnight, and
crushe d gently in a mortar with a wooden pestle. On. gram
samples were weighed Into 15 ml centrifuge tubes and 10 ml of
one of th’- ~bove solutions added . The tubes were shaken
perIo~ Icu l ly  for 30 mm an~ then centrifugid.  One ml or the
superna t e wu~ evaporated on a wut;oh glass and the beta activity
detrr’ tned . The results are shown in Table ~cw

iU~sorpt ion curve s were run on several or tue above
s~ i u t i c ~~-~, and they tended to suh~tant iate  t h e  for~~oingstat~~nent s. Th~ citra te r~olution re-ioved cerium for th~irtos~ r~art. Tno amount removed by -  c i t rate com pares favor—
a ~~ r wit -li i .e um~unt of cerium present , as determined by
t -.~~~ ~aC. ochu.~Ists. The absorption curve for oxalate shows

~o~ t of thc act ivit~ removed was due to zirconium andoolu :~h iuni . lanthanum also seems to remove cerium.

Since the process of adsorption is a funct ion  of tile
a~;~ unt of surface exposed , It was thought advisable to deter—
mine the particle sire distri bution in sari -‘les from Core No.
2 taken at t~i - ’ target area center. The procedure was as
follows:

4\ 10 rn sample of the dry material was added to 250 ml
of water and 10 ml  1.0 N sod ium metaphosphate was added us5 a dIspe rsIng ft eflt . Th Ir~ suspension was i.ilxed in a Stevens
Pleader for 30 m m .  The suspension was then transferred to
a liter graduated cylinder, made to the mark with water , and
shaken several times.. At the end of 3 mm 45 see , a 20 ml
sample wu~ removed from a depth of 10 cm. This sample repre-
sented the silt plus clay fractions (less than 20.0 microns).
At the end of 6 hr 30 mm , another 20 ml sample was removed
from a depth of 3.0 cm. Thia sample represented the clay
fraction ~1ess than 2.D microns). The particle size distri-
bution in the various samples is shown In Table XVI.

The data In TsbleflI show that the percent of fine material
I decreases with depth , as would be expected. The larger amount

of fine material at the surface also means a larger amount of
surface area exposed , and therefore , a greater potentiality for
adnorpt ion. UNC1A~ ’1F~— ~nr i .
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a

UNCLASSIflED
S

~~~~~ ution .o~tnts/min/ :r  ~ eros ac t iv 1t :

Lad 3 725 10 :4

Tartrate 884. 12

Citrate 2,000 28 -
~~~~

Oxalate 725 10

Acetate 402 ~~
Phosphate 515 

- 

7.1

Water 290 4.0

Methy].ene 242 3.4.
blue

Table XV.

S

.
UNCL4S.~ ~

- ~~- - — .
- .-~ - - - - - - . -. -
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r ~~
- 1

S

~~~
- Silt ;:~ Clay

Depth ( 2 0— 2 . 0 i-i tc r- -ns ) (~.2.0 --~Icrons) ~ ~:ater

t. — 1 2  in 34.3 4.1.3 76.4

24—3 6 “ 38.’5 41.0 66.s

_____________  __________________ 40.5 65.0

14.0 37.5 55.0

Tah~e XVI . Pn.rtI~~1~ . si~.e dj~ Lribution in various mud se los
fr~~ Core No. 2.

S
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The .ii v~unt of -..uter lid - the mud ~vus determined ,
a:~d corre1~ ted v-el i  ‘ v i t h  the echunicul analysis. The per
cent rioisture ‘ -as calculatec on t~e dry weight basis.

A study of cores fro:~t t irCoon bottom indicates that

k 

the cat Ion erch~.n e c~~”.city v~ ies froui 0.5 milliequivalents
per 10’ ~~s mnt er i ~ 1 to zero , depending upon the depth at
which sar :~ les are tn~:~ fl~ 

r ’  
~ c i t rate ion was most effective

in re...ovinL. r ..Uoactiv~ - .~-~cria1s. This removal Is attributed
to the f ormation of so lub le  complexes with cerium and other
radioactive elemen~s.

A n~ecriu~ilc~ l unn1ys i~ s.~ows t.~at tne anount of fine5 rnai e la l iiecre :~st~ u~~t .. . ~‘tli ~~~nd taut the surrace contains
a~ ut I~0- o; ~~~ ‘~riui ~nnl~ cr than 2.0 microns. - -

~~ -

S

VNCLASSIF~[D
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-.)~-O ‘ 1 -  !~~~ u p ’ - ’ - ; - j~~ -.- ~~~ - -‘i : i t  ~ts - ‘t _ :~i 1~~~’~ ‘Lt S’3~~ ‘“3rOd
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’ - ;o u i l t l s:  rr~n tho e 
• :‘~- - -n ~t L : :  - -

~~ — ‘ : - —
~~: - - : ‘ . ‘‘ . t .  I ’ v)n . t  ~~~~~~~~~~~ a

;u -n 1: - t t r o  7, n rd u-  ! . ~1f ‘~ 
- 

~~~~~~~~~ 
- :st — ‘‘ r .~ ~o - t  ‘t i ~~ ’ ~~:- : ro~—

~o a s fe -~~t.i — • t o •

~ io j - & t ;t~~ is -i , - l -~- ‘~~~; t - -~ •~~t - t  u~r ~~ 1.-i; -. u - — 1 , i ~~ ~ : ~~
‘-
~U •~r i(— jna1lv ~~u~ o :-~ ~ ri - 

“ 1- uu:i z.’ t i c: ~, —‘r -. -~t o t - ’ r  - 
~‘ ‘ .~~

. 
~- ,

‘-:tS r,roduo~d duo to - vu ui ’ aruo r - -ri r ’ i -
~~~~ ~v f~- ’ - - u  -

~x~-’1 osion. ~~~~~~ t i-i s ut - 
I -‘~ - : n n - t  ~o :is~~; r- I V-’ 1 “~~

~u~j1od s ize— - i i~ t r ihut l in  ut t- t i - :s  nf t’ :;~ liuc: --t - ~u -~~ 1’ ni u - i s , a ’
return to ~I~o ~nit - tt ~ .t  i t - u , - r u l i  itu i t r  inspect ion  s: :o - • —

nont su’~ -eats tT  ‘ j .~ I ni~ s~i, -i , l it , an~ ci q 
~ I s øxi ~ ~~~~~~~ t ’ o

alijoda debris  to :‘-~ r vint ~ r r :::-~st , f  not ~1 1, of To ni I • ‘ :  ; u~ u -- r u,

~‘ow1c[.

~‘he ssi~l1 bott -~r: s a :~i 1os , T~~t t o  - ~‘ . to r- ’ iu , :1 r-ttTi - -‘~~~r - --u r h -. :
I -i~: ’-n in l~ik-inj Lagoon — i l l  ha used ~o snpp l’ - : t : u t ho t ~‘r. i l a ct - - .: 1
year. Tt~e bottom su plo:; :~ t s  o -i l l  iu~ t iv~~il~i- lo s t  m-~ c - -
nyrnts, if osi red.

~nfort~mately, the thro o—day tri p i~ ~T i- 7~~~ — f : s  u~ -:: : •. ~ - .

of Pikin i Atoll was not ~-‘ro ductive. l I L ~ — 51~- -~~z ‘ : ‘t  ~~ ‘5
suffi~iont1y aoourate location fixo s, and t n t  - • : & n i t uf - .o i nu  -

not cv~n on the bank. ~niy one u-truth ’ ~v i u  uo~~:t ’  ~~
. ~ • ,~ ,

- .- 
—

in about 700 fathoms that brought :~~. - ;‘ -3 :- Intl  -Sv l l l ~ - -u’. ~~r - H~~

sand5

T I e  other dredj-~ingG ~-~~re 1uite suc:es fu : , - - ‘ - ‘ -,--‘ r , ‘ : 1  ~~~~~~~~~~

-~a1uab1e iriformnation on the chara~ter of ie’ u t t u r t -u ~ ~t o - ’ -- - ‘ :  - -

hoads in the lagoon. Twenty—four h a u l s  were :vt -k- on - -u ’ ~- t ’- r
the reefs and fivt on Lwo dirfo rent cora l he:ids, iTh.o 10- tiuns -‘f t- p se
hauls is shown in figure 6.

Only a few botto!n samples on the outer roof i~-~1 no Iro 1,~i:i~,s — ,-e ro
taken during oPi~1~ATtON O~~SSI~~.DS. These ferr s-u s-los ed to t~ie e rrono - -’us
conclusion th&t the surfac. of the outer roof , I r - ’~ 1~ to 200 fathorts ,
is predominantly composed of a deep—water v~i r i 1ty  ~t’ : :~-] inn --la , rtn J t)iat be—
law 200 fathoms the surface consists only of oal~are ou~ snnd, ~ocrt ’:~sth~
in size wi th depth. (pp. F.3, F.4 of O ; :~~~~~~~ ; report.)
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~~ $SSIAEB

-~rei ~~~~~~~ entire I3or5e Skin L~L13cle -

- orf ~ ni8m
— L~~

-
~~~ ~~~~~ 24 2.01(2 7) 5.74 (32) 2.98 (28 ) i.58~29) 3

Troflifl —Tdr~et Area - 0,.~o( 4) l..15( 4)  l.,12( 4) O.97 t 4) 1-
A~0G0~ 2 ,t/ 0J 13.2 ( 1) 13.4 ( 1) 12.5 ( 2) 1.81( 2) 2

- - NW Tip Bi~:ini 2,407 0 O.51( 5)  1 62( 5)  o.o8( 4) O.0]. 4)
t ’M 01 Bikini. 2,307 l .16(  4) 

- 4.3C( 7) 6.53 ( 7)  4.56( 6)  2.49~ 7) 3
N ox Bikini 2,207 l.49( 9) l.o8( 6) 3.62( 5) 4.3b( 6)  0.53( 6)  1
‘N o~ Bikini 2,107 l.91( 7) 25.0 ( 7) 2.41( 7) 1.00 7) -
Coral head ~: of Bikini 2 ,007 4.68( 9) 13.0 ( 9) 5.26( 9) .97? 9) 6.

- - 
-S Bikini—Amen 1,709 ~.27( 5)  21.9 ( 3) 9.91( 3) 4.27( 3) 4.l0~ 3) 2

-Coral head Bikini—Amen 1,709 19.1 ( 8) 17.5 ( 8) 9.65( 8) .95 : 8) si
Trolling Bikini—Amen 1.0O( 9) 2.12( 9) 1.55( 9) 1.8]. : 9) 2
Coral head near Amen Island 1,211 9.75 (20 ) 2 .17(~~~) 1.13(20 ) l.43~20) ~
SE F-nd ol Amen Island 1,213 .A7( 1) 5.02( 7) - 8.42( 7) 6.64( 7) - 4.80~ 7) 1

• Uku 0,914 i.t8( 3) 1.93( 9) 10.3 ( 9) 1.32( 9) - 0.91, 9) -

Naaia—inner 9,514 .24( 2 )  0.4~(l1) 0.71(11) 2.64(11) 0.33 11) -

Naau—outer 9,415 C ( 1) 15.47( 4) - l .24(  4)  i.oa( 4) 0.35 4)
Boro Island—outside 8,700 0.63( 9) 0.OQ(ll) 1.Cc(l1) 1 .so(n)  1.12:11) I

iBoro I~iand—inside 8,799 0.42 ( 3) 0.22( 5) 2.17( 5) 0.91( 5) 0.93 5) 1:
SW part of Atoll ;.63(17) 2.83(17) 2.60(17) 1.9C :17) -

I nk  Island 0,390 0.,4(13) . .49(13) 0.81(13) 0.56 13)
Prayer Island 0,591 0.4b(22 ) i.o’/( 4) 0.10( 4) 1.29( -4)
Coral head Airy—Biren Islanis 0,891 3.02( 1) 1. I 4( 6) 1.06( 9) 2.00 ( 6) i.59 10) -

Arji Island 1,092 .43( ..~) 2. bO( 9) .43( 9) c.25 ( 9) 1.1o 9) -

SI part of Atol i 0.7b(20) 1.20(2s ) 1.42(20) .14~~: .)
Inyu Island—inner 2,792 ~- . 34 (l4)  0.39(14) 0.24(14) i.07 14)
Coral head N of Enyu ,796 2.o9( 1) l.lb (2s.) l.55(~4) 1.43(~-4) 1.F u . ~.) IC
Ion Island 2,79? - .33(12) ..43( 19) ~..35(12) ~.63:i1 ,, l~
Rokar island—inner 2 ,798 1.26( 9) ; :. 5 (10)  .~.21( 9) C.65~ 9) Ii

~~~~~Ie1and—outer ..., B99 1l .~~~9( 1) ‘/.o8( 3)  ~.. 72( 6 )  
- 

:.95( 3) 1.i.C 1) £

j~~ rage .~~~~~~ 2.) 
2.45( u2) 14. 1 6 (3u2)  u. o7( 284) : d 4 9 :~- - - - - )  11

1 Table II. .A vur -
~~~ - L u  - ) oi --.€~u fish tissues co1lect~ i at t~~ .Lr

( nurst e;’ Df samples in parerlthesis . .

— UNCLASSIFIED

~~~~~~~~~~~
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Skin ~u c1e ~-~~cea Liver Spleen Kidn ey ( —

5.7~(3 ) 2.98(28) l.58ç~9) ~~~~~~~~ (~o) 
- -
.~~ 

(~ 3 -~ .1 (20 ) !l7. 7 (15) l3.~~( 5~ -

1.1c.( 4) ~.l2( 4) C.97. 4) 12... ( L~) 1- .? ( 4) 11.9 ( 4) 6.99( 4) - ~~42( .-~~-

3.4(1) ~...5 ( 2) l.81( 2) ..l.7 ( i) i.~~. 
( 3)

1.64( 5) o.08( 4) 0.01, 4) ~~~~ ) ll.~ 
( 5) I • -

6.53( 7) 4. b( o) 2 .49~ 7) 32 .57( 7) J/ .4 ( ?) 31.1 ( 1) 2.70( 2) 9.12( 2) I

3.62( 5) .-..3~( 6) C .53( 6) r~.s (19) l9.~- 
( 6) —

5.0 ( 7) 2.61( 7) ~~~~ 7) ~T.~ 7( 9) .9.1 ( 4) - 
•-4 •,•~~~~

P 
-‘

~.C ( 9) 5.46(  9) .9 7~ 9) 61.1  ( 9) 6...? ( 7)
9.91( 3)  4.47( 3) 4.l0~, 3) ~4•1 ( 4) .u.8 ( 4) 24.7 ( 2)
7.5 ( 8) 9.65( 8) ~~~ 8) 58.8 ( 9) £ ,..8 C 9) ~~~~~~ 

( 1) 4 3.79( 1) 6.U( 2)
2.12( 9) 1.5 5( 9) 1.81 9) ~i.1 ( 9) -~ .i ( 9) 17.7 ( 6) 12.2 ( 4) 4.87( 2) ~~~~~ - - - - -... 

-

~ .17(2O ) 1.l 3(2’.~) 1•~~3s~~~~~) .-o.o (42 ) ~b .c (37 ) 3~.6 ( 5) ~- :~~ ~~~~~~~~~~~

B.42 ( 7) 6.64( 7) 4.80~~ 7 )  14.7 ( 6) ir .4. ( 7) 24.7 ( 1) 12.3 ( 1) ~~~~. :- 
-

D.3 ( 9) 1.32( 9) 0.91,: 9) ~..8( 9) 8.4o( 7) 0 (1) 10.0 (1) 
-4 - 1

D .71(ll) .64(11) 0.33:11) 2.86(15) ~.65 (1o) - 4.21.( 1) ‘:~ -~~ 

- - -

L24( 4) ~~~~ 4) 0.35 : 4) 1 . 1- 4( 1 7)  2 .56(  ~) I ~~- -~: :
1.Ls (11) 1. 52 (L~) l .1- . 11) 9.~~~~

, ( . .)  4.70(14)  
-

2.17( 5) o.91( ~) u.93: 5) 13.05( 14.16(10) - .~~~ . a

2.83(l’i) A.~ 0(17) i.~~ :17) 4.u~(1- ,~ 
- .~~2(32) r~. - 

-

~.49(l5) 0.81(13) L..5o 13) ..ób( 1~ , - .Ie ( 1L) 1.36( 1) 
-

L. ’- - ( 4) C.10( 4) 1.29~ 4) ~.z5 (42) . - - ( .  ) - - 

-

L.0~-( 9) ...00( o) 1. 59 1C) ~..9_ (2:) .‘ (1..) 3.13( 2) -
-

2.43( 9) ~2.42( 9) J.i~- : 9) - .73(Th) t’.,~ (1~))  -

j . .2’ ( 2 ~ ) ..42(2C) : .1/4 .- --.-) L, . 3 : ( - 4.~~(29) 8.35(17) 6.02(17) 1.89( 5)
.39(14) 2 4 (14)  L. C 7 ,L4) •~..~7(1 ~ .1, (~~

.-
~~) 

0 ( 1) -

.55( .~i~ ) i .43( . .~.) j~~;-~ j . !.~ 1. .5 ( -l~ .. .‘.‘ (.
~

) 4.0 ( 1) 
- 4.23( 1)

~.._ 5 (l2 ) ~~~3 i ~ ) i-~~ ( 1.  . .— ‘
.~~~ (.~~) 

8.3 ( 4) :34.2 ( 2) - -

. 21( ) C .o5 , -~) _ 1 .7  ( l i )  ~~~~.2 ( 9) 17.7 ( 4) 22.8 ( 2)  I 
-

.7..( c-) . -;5( ~- ) ~~~~~ ~ ‘.. s( ~-) 1.~~ ( 5)

.1 t(y _ 2 )  . . o 7 ( . 3~ ’ ~~~~~~ ~.) ~~~~~~~ - - - .(iL ( .~
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