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AB8T1IACT

Quantitative measurements were made of the radioactivity of inivwiI
fallout particles from a nuclear detonation at the Enivetok Proving Grounds.
These measurements were possible since individual particles which repreoft-
ted approximately 1010 or more fissions were obtained. Although several
types of particles were observed) the data were generally resolved as being
derived from two major particle classes depending upon whether the coral 4

bad undergone an obvious physical alteration such as melting.

A number of i ivid 1 pnticles were radiochemically analyzed for the '

nuclides oW Bal-Lal O- Sr 9 arA Np2 39 . The data obtained, together
with gama spectral and decay esurements, indicate that fractionation of

I radionuplides va3 prcainant in tfe fallout particles. Heasured R values
for BaI40 and SrO baacd on ide9 9 were over an order of magnitwde lower In
the altered particles than in the nore normzl-appeari2g or ualtered par-
ticles. The fissions/gram values of altered particles %ver~ed 100 times1. that of unaltered particles. Gam=A decay curves of the two classes of
particles taken from H+50 to H+10,000 hr showed marked disbixilarities.

In addition to the established feasibility of the inlividual particle
easurements it is postulatea that the rrlioactive cc-pnolition, of fallout w

.-> I at any point may be getenmined by the relative numbers of the two major
claces, of particles obaerved.
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Vith few exceptions alstudies to deiete *icemcltmosi-ti.. i of fallout ha, bee& conducted with total fallout collctiesi, 1...

particles. The general application of such data to hazard definition sat
prediction and to such problems as fallout foroation theory, radiological
Iscontaiatiou, fractionation of radioactive auclidles, etc. baa boem
restricted by a lack of knowledge concerning the suclide compoition Of
individual falloat particles.

i' "

The purpose of the present work was to detemine the feasibility of
*individual particle aalysi, uteasibilit oas define& as the ability to
quantitatively oasea individual particle radioactivity. It van estimte

thatIndi iduaprticles containing rt~ioactivity from apprexlzately 1010
fissonswoul bereqiredforsuc agsae~nt.It wtas further inte*&ed

tb"t if, Indeed, such a palynes were feasible, sufficient data Wuld be
obtalued to establish aounts of several zucWios and to search for differ-1one. (i.e. fractio tioz) In radieauclide coosition between Individual

Pariles.fal~t tll

Findings

I Mensurevents were pwe of the rrdiocctlvity of kpproy~mstely 20W)
fallu particles frort a zuelear dotonstioa of Oaration M1IMY. fttwi- ~
bility of individual rarticl aaUlyais tldty s was eaithbliseh l by radio-
0hicv l vumlysis. Differnces ia r Ugactivo cororpattion were observe-

,fissibtonoen epparen cor particles 4 d paticles which W undergo n
tebrious ysical ulteralioa such as fltisf.

IA

the11e*f*te~to)i aiacld cpste etea dv~a

.,,.2Jw tf * (A " Ma urements: .; *' fter~ vtyo ~r~m rZO

:. I l~ty f i~lviue rtcle c ~i|n~*->& .8 e>eZ. ~l y a'<-.-
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Th _____________________ --plfso alu svrlncerVsetests. _ _ _ _ __suidInmVlyetgt - ihfe xItiR

vey e investigations c e &Icomc opsitions offhou eea e bueer e-u

V ptes 3- beenvr, sthelI mayIet 4Ats 5 ~ Wbti the paruticu ll
sustudies oreltv n utwthre flotcletosiev al

oT conid~eablh ofus ofic was chiposed vf my i tal mixtres aad
th ogh on 1mIvi& partes hs been ausAeu to dinevfallu hazrd

veryta i~u aof ti adithe icoal qca tiozofsch dooa te-
kwor efintio w-1pevrtediaticit dA&ta hebea as talese patlea
tVcry re lgial eaaimve Ar mwu.atin fralatieRc

1 -p-Dtheeai~e~l ai of Mvdu' raiec h2esuilrkez toa ltuI"e a
tb rkehv1a onnli of sigle fllou particles asbe efltdfin fa lglut a-
amiso tothTs clsmle pnrieso ezle reon ofms hazars of Erwovea it fall
besaewtout.Sc amlyve haeaa the genra"aalcaio of suchi, vt simpa syto o
hsncIL tefortioa rectis wM be suchy fopreel ays utfeti

theory rc'leIed l decoutmv- fr~ti sri faiiebten of raoivZ e nc- I 0

of~s re~osbwaivt rwre al of imoife=16sncal~ciaccawithsirl the nCldeI

of fallotcb@aIcal arpuois af of the fallout prkcvas io local e-
~~. r ienit of ohraat avvyus.Fo prUi O ctureu of ro is tApesor&anIeUei fOal-

bi~olittazLw4a qy',tt~ tut~tiatsll creas~n paialevels

tidle relieaivlty. It wT *i-s3 thtt indlivievuul p~tclMcUtafing
mriezeivijry fra rS'tl 1010 fI~in* tauld be required for auchL
wawzt V% ag ~ag t1hit,.if, 10d Ouch rnLw1ycio WVre

fersblo, vnciet. zaa uld obtciwd to eoftblich awuft' oZ newv-VI
xualiles cc-,. to acri 1'c difftroneos (i.e., fraIctiQtiC.7I), in n-ioauclld
=Twtis1 betx= IrilAtr2l vmticles.

I.IQSM4=Iwt Vro cv.Ud eut on psri.icles frem a avolnar #atwrtios
* of O~~i~n h1.~ Ii~ibt. Articlea vare '='itcd to dtaorzmis

*ttal rcej-ivity cnwl to oGz+:-ta the runiber of fin~eea ovoats leadiv I

J:DR39 Coatc-a Ga~ of the waig~xt of zepnnrate particles. Gz2zt ray spectra

nut rotos* of Qscay of particles were ebtained.

I '4A



Olie "Wtis.cauiders thre toIcs. fese are counting lustilmats-
tisat, calibrations and measuremets.

Dmeription, of' COMnting Instraaftioa

Sevral.~ye of counting lsmet eeu"m sw*vrvns.

ft u n"A (tera -the c onsists of-a - -.drl

to 6M Mea pbtetbe hch-in tarn Is comctel-to apraap;ii.
and - cln ici.fouits capable -of bheb- coutt rates. "Linear re- '

spouse up to 1,000,000 c]s Is obtained vith high-puritr, fast levaing -

caliratiu-stadars. hn couatIMi efficiency of the system increase*
with (ocreaesalmonrgy of the gum nray umder assay (exzor~at- very 'low

Nihpressure gg io21AV"ti eabei,~*-~~-

n* hig-pressure gamm toniztation chamber (terus the "oxa') is
almi illdesin " ep~tioato h* car;)r ascrlbeA by 4onim ank

relative9 This 1natrwiit provifis a sar 1 .-pi assay Vnimtry by nesais
of a1-3kin-d~m by8-1/ Ia lmgtbiblevbic cdOlsinto a cylin-m I WI .. dieal. steol chidZber. The chwmber costains argon gas-at 600 psig and a--

The ch=ar- is ce=acte1 exterily to vteziablo resistors an& to a vibrat-
IMre l-trr-w l dt rcrdon this imsruwt vare a"rmalinel QJ comlaetie og .10t A Stoaiistiag of a6 xir gr0A suru.mgtehla s -ram1iur. s& r opow -9 of or onizatiom

curreat. Althcu*h gae cua~ixg -officicucy ofti itrr.rt is v lopIt Is
uaeal ortba assay of a vid~e xwse of raAicmottity (for ow~moe,' the -
izarur-atis 6ec--ativre to 0.02 to IWO pic of 0 0W). - be comIAita effiel,@64

of this ixaoru t is a functicn of ray energy ai& Increases with Ia-
creasir-S g:=& emrgy%2 0
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ft"Perteo. IeOa counters . . . .

The se.U Portions of' thes emkers are of coftyltial nature.*
Detetorsconsist of somi-alisdrical. longitudinal caMbers coftainga 1-MIX

tUxstes wIres. Tbe couater gas is 90 $ argon al 10 5 carbon diozlA. by
t VSIUM. The gas flowns continuously above a I zg/c%?- alusiaiz,2A Mylar 'sia-.

dew. Solid cousting samples are contained is filter paper dines wostt on.4
brass plackts Which are index~l to a reprG4uciblo position In aluminam

stratced, over bolas Is. alusinum cards.

Siale-ahansel Samw pulso- height analyzerj

The unit consists of a 1-1/2 z 1-in. Na! detector, linear eupli-
fier, analyzr, stop scanner, and diei*Aa recorder. The avalu. crystal

f . *plopd& with the analyzer is useful for scanning %he low eowl*" portios of
I thea fission prodict spectrum for pbetepeoks. from jp239 sand c

Prior to roi~t. of the fallout samples a amf.er of prelihnary oxle-
noats =V-0 Lo Isi enriched uranuu (93.25 u235) sampies irradiated in.
a h1di matm~ flux for porials less than 30) mis. the parpeat of these
s3ZsrInmuts van to Iaosiate te accuracy sai reproducibility of Irdivi-
&xc l macunr=Atn viiha vere cesaeplatet, establish a precoltur* for mali-
pulstiamas of tt elu als o s iimac al ctivity 3&vlw; r
later-calibrate csautiug lustruts, rAw provwide "nomal decay curves
for radioacti1ve mixtures proauced by thermal neutron fission, of 0235.

- - T7bxca pr12,v7 tnpos of raalytical dritervdAiatiens were carried outo
ftee WOi-g redifebiyity VyWWOuMiAS, r~iOciYaCul *nSlYSes and weigh~t

-dataxyrziticas. The spocific doterminatiou and the reaainos for the doter-I usatims are daeribed below.
4" ER-0iactivi!7 ~uetts,

r- --t of the ae.iwity deterai3ttioxas coasisoil of woaurment of
ec4- =Mt' vilt.% oitti)r (or 1.oth) a~i VCbix %k-3 VC -h I va Ims ob..

ralts o -y r4 ts ew.7zre tho gzra ccttvitik"3 of differna pticles by
eacn--il±e of Qnrl act:vity vvliss. rthes nitica were: (a.) yen., capats

We~ ;_4~d Wr rala r/~;l cow:ts Tar iuta per 104' fix-
wless (W ci-/l0 4 f); a&& milliamperes per 104 fissions (wa/10ki-).

3
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, *
fBth t1w amertor an, the oamuator values of the ratio elmWO t.

vere obtained with instruwoats rheso detection officieacies varied with
gam energy. As sated above, the efficiency of the well ceunter decreased
with increasing sa meersy, whereas the efficiency of the iolzatle
-bamber Iwcreasad vith Increasiug gam energy. Comequently, the ratlos.,
WC cm/a for sloe S particles (at & 61vO tim) reflect differences 1A - 4q

the radienuclie compositien of the particles. Thus, the WC epm/ma ratios
ebtaimed at the same tim for two partlcelef my be compared t* ,wvst1 aPt
gross liffereaces is radiouclide cmeposities of the Ue particels. In..-!
additienw, the VC cpa/rn ratios ef a large smbshr of saples have the odium-.
tage of bei g easily measired without recourse to fissioa doterminties.

Computations of the ratios WC ca/10f and o/lOkf wr ere ared out-
for the following reasons. In the exadmatioa of radioactive fallut It
is comes practice to preseat analytical results in ters of fission events
vhick the sample radioactivity (or sasple radionuclide composition) repr-...
seats, that is, the omber of fission evea*ts which reault In the samp.e
radieactivity (or sample radionuclide compsitio)'. The value for nubr
of fission events is determine& by radiecheical amalyvis for Mv99 as - ,
scribed later is this report. Using fissions (i.e., iO'f*) as the deias-,
aters in the ratios has the adveAtage of providing a single ce5iser n e bse
which, in itsf, is met oponaent upon tin of amalysis ani which Cees net
chsge vifh tim. X3reaover, each ratio reflects radieouclide composition.
As such, It is pmi3blo t cetpre either the WC cps per fission or ms per
fiaisu ratios of a nwbhr of perticles to distirmish affeensces in radi-
nuclide ceOW3itiou of the pm*,6icle#. In additia,, the rpties myr be used
to ccm-uts total .isoim for particles whick have wk beea subjected to

di~~a~icml axysis but have bea assay . o the yoU counter and Iasi-
"atiochanber. -. . ...

Other ral!cactivity me3surneents were carried out with the single
K ch.mza pulse hei~jit analyzer and with the beta counter. The a&alyze ,,:

U-.- to 0,~sr ~,9 &z p239 (as doiscribeA belew) a.M also to Obbliw
Srmm srpctra which wore nloyed in the interpretatioa of oer moaxe--

fission products. - .-

j mont. 5 h bet coier via wo in th e eof individual separate :

e~diechtmcal aE.M

A r.tmbr of Irdividuel particles were, iseolv9d aml radiehen-
cally Amlyzo4 to, imvestisz11_ ftfaoraca in raiimuclto c~ocTe'lOR
botircen t1't, partielva. tL&I 1p&vtcOB wore placod Ita a OWol volilzoric flask

l-pme scc l c i n, The roepl.jms than dissolved by

~ 'f1,ICU3" is yta(?y Itsd r4 a c~vmint ccrx-,utai~i.b

at Vi lmborxt-,, for. rliebamical Wn radicactivity meusurzo .2l,22.

L1



awlD1catif.of various Teage~itm. 'Most of the uolicAatorle famcaeuvity)er-a siaglo par il dissolved in afew &reps of in W1i. fhrmnI-.
Solids u&a2y osuisted of -=I I black particles which. appear"d to be.
carboxaceous ad which wore brought inte solutiox by the -alittiea of Ow
or two -drops of 72% CO1  awrig

"I7 mabmi aa re mmt a of S^~9  1'OtA' a 239
weeCarried. out. ZWIEact ofthse specific -mucliden mas selectea because.

At atsfid neor moeo of-tho following criteria: ..

a. The muclide was coauidereA a reference auclido or -aulide :-
of particular interest free previous. work .(e.g.* YAW9 Mnd
Np2 39).

b. The auclide was kiowa to disproportionate (i~e. .......eaat)
la its distribution 15 fallout,, For exaMple, 8rt9 ban boos
found to frae emato seveely betweos samples from Voh sow

1 c'**e Thetoalftioa2:deca schemea MAuistrumeat. response- factews,

of the muclide voro vyoU know. It was doeired. that the
auclide decay to a stable daughter and that the auclidI constitute the sble or =iJor radionuclide of the eleint
proseat at tise of separation.

d. The muclide contributes I % or more to the total fission,
product beta disintegration, rat* at som time during U
arbitrary tins period of 1 to 28 d"yo post-doteaatiea.

wore available for the auelide. j
*Ceuavetieral rAioeh"Ica prcdures wer# usel Inth salys
ofBe',BjOL14I0,&4 g mo. pc99.21 2'I normnly aliquots

H of a si!gle solution of the dlisaolved eam-pe ware used. Hawever, with
'Ilow activity sarp.les it was Mawe to o='loY a VeqU08utial analysis of

<' JIth2 entire saip1o soltioa. S r aiyzes wre carried, out 'by use
of the ulwZle-chaunel pule* height C5nly~zar. The latter tacbaique AnsV
tm.ed on alyais of the photereak area of 4suA1rter Tc99m.25 The mg

* Vint betweast thm two rw.tbzds Vas UB31l7 within 10 $ whoa carried out oft
the sa= e w-pl'~. Similar photopcck emna analyses were used. -to deterwize
amounts of IF9P39 .

-V. re.diebamical muls . calculat!24 Al lip f 2 39  
.

Prezu tht-len()f res ort vlo. -Z.- tor ofama e

culatei directly frici the rambers of atow of tha imuccii activty 7Z?39 js
* .u~zaa VAtUtal -fissions as calculated frm~ the flmh7mr of atn of K*W for

.1L



each eamle.. The R vlues for 13&140 and SrB9 Vero der imL -In tha Psuel. -
maser b7 the ratio of atom~ or the zucle to the sttas of the mforrce f
Incl1±ao, V.-- 9 9 , as observe& in the saple 'divideL by the tam ratio for- -
tbarn9 sieutrelt fission of u25 +rca thsdfinition it is imqZ~r tha
R valuea fromt fallout eaZplss 13iesto the eombieL offeets 6f fraetisaatl~ft
wat rietiea ip fiasioa yield. Although loer thia thermli. fission yields
for 3.r gw v1, a4were orpctaoa for fast aztxbrox fission 26,27,28 *th Lay-vt
aii2 vw cea.oiierol to be itet &'rater thim 20 $. For ;;0~ tbe deviativa
vw.s probably leas mdt th-orefove al. fissioni calculatiets were basod ema
th"rrvi1 fiasion yield for 1.1,099 of 6.1 $. Tbese Game Co~a1CteratIDa to-
&ot~Lor iLi exporI~wk3al mcartainties generally 1c3.1 ta iobearved R mvles
of 1.0 + .,~ie iac~der*& "norm'"u vithiu these Uits~.

+ 0.5, b'w~Uur wVeut5

sL;1octaa pticlaoJ vre vai~3io4 Mast of theta mecaurcontats ww.
caric effl en. am Ainow.a-u micrabitalnce * Th-I CatL Obtainca erO used to
cruj-,, t~as valw.)s for t~he mu7,bar of fizicn por usit I'ai~ht of faflet
pzxticlea. Such Yaluca v.4r* e~~r~we to siWd~lD. voalua. obtinsd with gros
cellctiona~ of falleut =~torialS.

6
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A total of 300 paricles ore receliwi fte laboratory athe theeel

particles rewn4with individua needles. A mnauL momt of -reue -ad
been placed ea the aeedle befere the particle me remae; this isrrel
&aMsxiea of the particle. Prier to use, each mele was uunted In a -cork,
allowing the needle as& particle to be lwtb in & mwU glass vial for
shipmneat to UOmRDL. After recelpt at WDLL, each particle va -masuret
e the GIC aL W at approximstel:7 H72 hr; th ant active amples as sae
appr y 15 cps in Us Va. Thirtee of s meye active particles
wore selectel for an us. Meet of tse -we Aoeolve; & few wer re-

,A*ditioal particles wes obtal A from twa gross fallout mse.
* returned to U=3~L by Project 2.63. Tese sempiss cousistel of falloUb

ceolecteA in a 2=2a tray ona fl ulau (aehigaa occ-or--6T) ara a
I WAII a~Ee' reawni fr = the dock of a platora a omh beum 770-9P

which ha been aachero the lagsem.
The large tMa ms expesel U fallout for V= perleo Nv/A U 11
hr Atr etmto MaELp M1 prtcles 'wre muwi &% ravAea with a

sna satula and pm1B. glass sliCaes for microec obsrvatioa, aal
.were la- trerifeze L to iTCu21 g1*5l3w. r* tAYr vas ase*

*for r ~icactivity ini a lUr Eomtry selatillalisa" es otr3)1 '3 ' befre the
particles ver rew Aft Mr the patce ,~ -srd kyweewTra
over the amface of a slmilor try al were awid la VAh so cimater.
Folloing this, ach particle vat arbjectel to eaz~ylss.

Particles vere remwvl fret the VMX sale beftre ad after saeving

of the ewti'.e ss2le. igMeoa i viduLl p=ticls wse reiel Wfare
-~ * Dtain" duacriptleas -of tUs Alp position aurig the Vest ane

5 iiclus la the -repot of Project 2.63.29
A wa-sdcilulea ale.
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-sizeu frcin werajmeI nte Ia&. pla esete, &lobes

designated WI (see b~lev) from the 500 to iA0O- slove ftectism vw*r con-
blued and tresat as one sale. The -a procedure vas folow wIth a

-number of particle* typed IS ael. a waber typed .L

Selection of Individual ParticlesI: is all cases selectons of lulivldual paruseia. from large groups of"
Sparticles were mase in a randolm mnner eOxcept for tus 18 particle$ from"

ef observers agreed that the foliwiug colors arA sbapes voll. describe the'

pricles (abbreviating symbols used ane listed): ...- a

Sate vhityoe _Wprtie~ were

lesrintensity vas aurte4 by aGMitiem ofte ete L to the clrda#
uso. oedetaiil o ecriptiwOf Pati l asificaties

4&vs ee rpt* lawheu 32 ,3 3

fIt v~as go~seroal agreed Vat the -spberical arn f3a particles rep-
J reae1t42 an obvioln pbyaical4teto of temrlapaig(iu~

Or IrrGC;Ul=a) c02%a ril IM . SO senos 1kXO~ 'it W difficult to
type £iual pac.-iclos by color. Hoever, prbielaes vhieh brd obviously

been pice-W l~ tered1 in so=* znur vere usually easily distimaulshed;
As a coweelee, tb. inforic ba ctaine& 12 this iiwestl84tica is cmn-
gsi,,hr-.a to bimm tz= derived. froz two Gocaorcl d ses of particles -aled
ana unaitorc5t- The al-bared vare dofizel as particles possessing shrcl

s1h.pas (yrestmiably inlici) or particle3 vbich were flaWy; uralterel perti-
clao wora dvofi=4 *as irre~ular at azgulr Narticle. Ads= as as &&

Ybig grWU'p of 18 particles Ins not selecte.! at mV~tIO. Atte#mptere
saaa to secure active sphu~ical particles; bervr, a mixture of
sphoic;4 ar ir M-Sdr yprwticles wore abtime&
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tAet al.ett all ]pextielt both clases ba*e hacae u sa. o irge e, em
cheqical alteration avA bas piresents& t&32 which ivAicates that aiterel
particles a here define an sIlvply normal coral particles wLch hi
been heatel p te to anew mltivg aM beiliag tempratres.

The -only excepties to the general classifications adopted above vere
a feW particles typed an yellow Irregular (Y11) buit vhich were easily receg-

*izel as portions of broken spheres. Those were, tbore ." , alter. - pr .
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The majority of the analyticel data obtained are presented in three-''ell-
tables and one figure. One table inlude all counting and radiochemical
data for all individual particles studied. The figure shows the activities
of a large number of particles selected at rand o from the WHD( sample.
tables. Data describing decay and gamm spectra are presented later in

this report in the section where the counting and raediochemical results

are discussed. This method of presentation was adoptqd. since the prinary
purpose of the decay amd spectral data was to aid in the interpret~tioa
of the counting and radiechemicl re"slts.

In the listings of data, "portleles are described os the basis of
color ando hae. A pictorial representation of several particle types

is provided in Fig. 1.

Radiochemical and Countlig Data for IndivIdual Particles

4 1 Table 1 includes data fer.vartcle§_vhich were selected for individal
analysis. Meas Iets of BM and Sr0 Y content are expressed as R values.

ell counter and GIC assays ae given st times of measurement is amts of
"+! couats per minute (ClI) and milliamperes of ionization current (ma), rm-

S peetively. Limits of reliability are indicatd. by the number of significant
figures and are discussed later In the report.

S Pbysical and Ceunting Data for the WM Sample

Table 2 presents weight aid acUirity values for the WMIZ4 sample. The
calcultienas for total fiesiosa vere based. on empirical GIC velues forra/lleo versus -tie observed a gross samle of fallout collected at
S OWi 1"Iand. end analyzed at MML.'-

Countirg Data for uividual Particles Selected From.
th* Wbim Sample

Data for a utmber of particles from the WHM sample are presented
in Table 1. Additional particles vere selected from three size fractions

; I I -*,c" -+

I • !I +4



iiA.YELLOW B. WHITE
i - " SPHERE SPHERE

C. WHITE D. GRAY
IRREGULAR .. IRREGULAR"

FIg. 1 Particle Types Observed in the Whim Sample. ltered particleS
are shown in A and B, unaltered particles in C and D. ~

-,
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TABL 2

Weight, Activity, and Fission Values for the Sized Fractions Fro the II
Sample

Size Weight GIC Assay Fissions
Range Grew Percent. Yaluem Percent Speciflc Total Por G.(/2)of Total (10-5 ma) of Total. Activity& C101vt) (ION11)

., n.-5 ),
1000 37.70 41.8 1.08 15.8 0.o286 21. 0.56

J.-500-1000 41.91 4.6.4 3.14& 46.o 0.07149 -60.1A

250- 500 4.97 5.5 1.35 19.8 0.272 26.
100- 250 3.51 3.9 0.734 10.7 0.209. 1. to
50- 100 0.80 0.9 0.155 2.3 0.19 3.0 3.8

50 1.38 1.5 0.371 5.. o.269 7.3. 5.4

Total 90.27 6.83 0.0757 131.

I a. at. H 262 hr.

A and were measured in the gamma well counter. A total of 639 particles
were removed from the three indicated size ranges. Of this total, 213.
particles were uncertain as to description and therefere were not typeL
The activities of the remainizg 428 particles are given in Table 3 am.
are shewn in Fig. 2. Since decay corrections were small over the perlods
of measurement, the activities may be considered. to be that at 31 32 hr.
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-' i" Activ-ity at R+382 Er of WM Seaple Paricls From S LzoeL Fractions

] " Size RAMP Particle N;umber of Tsta VC Activity

- ' a ,Par ) tcle (100 CPS)
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PARTICLE SIZE RANGE + +
500 TO 1000
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PARTICLE SIZE RANGE + * i
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Data have been presented for radiochemical analyses of a number of
individual fallout particles. Analyss of these paricles were possible
because they contained radionuclides from approximately 1010 fissions (or
more).

Some discussion of particle types has been presented earlier. it ,as
stated that the coral particles could be grouped into two broad categories
or classes - altered and unaltered, depending. upon whether the physical
appearance of the coral particles resembled a spherical or flaky (altexed)
shape or an angular or irregular (unaltered) sbape. Division of the par-'
ticles into two such broad classes was cQnvenient in that it permitted the
data to be inspected for gross differences. However, it should be realized
that such divisions are not sharply bounded since differences exist betweem
particles in a single class. Some differences were observed at this inves-
tigation. Others are implied in Williamson's33 data, thich indicates that

the yellow spherical particles were slightly more radioactive and more
dense than the white spheres. These latter indications were in qualitative
agreement with the count data of this investigation (see Table 3 and Fig.
2) and with chemical spot tests which were made for Iron and which con- I -

sistently indicated greater amoms of iron in the yellev samples ban, fta +
the V; tte.

It is possible that e Iditional typs of particles existed and were

that 13 % of the particles from the greased trays were of a delicate flaky

' or aggregated composition as epposed to the spherical and irregular par-
ticles. Flalqr particles were not observed in the WHI4 and OCC samples,
very possibly due to the samplirg methods which In some cases includes.
sieving. Uncertainties of this nature, the physical appearance of the i.
particles, and inspection of the data led to the concept of two bro@d
classes of fallout particles.

In order to investigate the data for differences in radioactive coi-
I position three assumptions were made as follows:

1. Particles my be classified into two categories, physically
altered or physically unaltered;

2. Particle radionuclide composition depends only on particle
category. Thus, although the =eBadszxvgnoth

18i
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two categories of particles M vary with time and Point
of collection, particles of the same. category have similar
radioactive compositions.

3. Fractioation- of the reference nulide o is s l co-
pared to the observed differences between particle categories.

In view of these assumptions an inspection of the data in Table 1
Immediately reveals diffTerences in the radioactive composition of the tw

classes of particles observed. These differences are shown in Fig. 3
(A,B,C) an Table .i. The figures show the time-dependent activity ratios
WC cp/lO~_ ,a/104f, and C cWO / as a function of time of measurements
for both altered and unaltered samples and also show, for comparison,
similar data obtained in calibratiov, runs with enriched u2 35 in which the
xp239 contribution was low. Deviations of the values from the latter
curve indicate the combined effects of fractionation, fission yield var-
ations, a# induced activities. The relative positions of the points
clearly sbpv the differences in the tize-dependent activity ratios for the
two -types of particles. The mean value for these ratios at the -various
timie of. measurement are given in Table 4 along with average values for
tize-Jidependent quantities which were also derived from the Individual

apartici data In Table 1. The nuzber of determinations and standard devi-
. ntions -o & tbe mean values are also given in Table 4.

The. dita of Table 4 show that the value of fissions/gram vas much
° larger in the altered particles then in the unaltered particles. The R

val dta indicates that the altered particles were markedly deileted in
i I BalO.-1I440, wh1reas the unaltered particles were enriched in 1Z a . 1

Depletion of Srb9 occurred is altered particles iud, possibly, in unaltered
particles..: The R values are shown graphically in Fig.. 4 (A and 3) in which
the numex sr of atoms of each nuclide are plotted versus the number of Mo99
atoms found in the s ar0sample. The straight lines represent estimated
fission yields for Bas-'D and Sr 89. Product-to-fission (p/f) ratios for
I)P-239 did not exhibit as wide -a variation between particle class as either
of the fission prtucts studied. The p/f ratios obtained from individual
particles were comparable to standard cloud sample values29 but, on the
average, -edre higher in samples of unaltered composition.

Other measurements were made on three separate roups of particles
from the WHDE sample, which confirm the noted differences between altered
ana unaltered particles. The first group all consisted of WI (i.e., un-
altered) particles; the second and third groups consisted of YS and all

* WS (i.e.,altered particles), respectively. The data obtained is shown in
Table 1. Once again, a greater number of fissions were associate with
.alterel particles and the R values show a marked depletion of al- 0

and Sr 89 in. the altered particles.
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A. In Unaltered Particles.

i B. In Altered Particles.
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TANS 1

Neax Values for Several Quantities, for Altered and Unaltered Particles

Quantity Tive Altered Unaltered
(Q+ar) No. of No. of

Samples Value Samples Value

6 3.8 4-3.- 9 0.09.0 * '
a -R value - 5 0.090 T 0.068 8 2.1 + 1.2
-8 9-it v.-. 7 0.018 ; 0.010 10 0.65 o.17

WC cpM/10f 71 4 0.341 0.06 4 0.53 0 0.19
105 3 0.35 0.08 7 1.1 _ o.
239 1 0.054 1' 0.12

I 532 2 0.013 1 .0o.
a l /lof(Xo - 17 ) 71 4 30 +5 . 59 +24i

105 3 21 t, 7 7 109 T 31
239 1 3.1 - 1 20

1481 2 1.7 1 5.1
VC. cM/ma(xl01) 71 5 11 + 1 4 9.3 +2.0

105 4 14 + 3 13 8.6 T 1.5

S239 10 16 T2 6 8.2 T1.

a. Does zot include one value, 20.5 x 101' for sample #150.

The above data establish differences according to particle class. Al-
though additional data woald be required for quantitative assessment of
these differences it was possible to study some of their effects by observa-tion of gross decay rates gamm ray spectra, fission per gram valuesp and.)
R "mlues.

Deca measurements

Gross decay meacurements were carried out in the gamm well counter I
for two altered samples (No. 6 and No. 128) ard two unaltered samples (No. I.
and No. 96). The curves for samples No. 1 and No. 6 are shown in Fig. 5A.
The pronounced change in decay rates after 1000 hr for the altered samples as
conpared to the unaltered samples was verified by counts taken on a number of L
Individual particles at E+400 and H+7100 hr. The mean ratio of the.late count

* divided by the early count for 37 samples of the altered category was 0.015t
0.008, or approximtely twice the corresponding ratio of 0.0085 + 0.0042 found
for 65 unaltered samples. These values are in good agreement with decay curve
values from Fig. 5A, which give 0.015 and 0.0076 respectively for the altered
(no. 6) and unaltered (No. 1) sples. The differences in decay rates arp
again shown in Fig. 5B, where the decay curves are plotted in terms of 10
fissions. Plots of the type shown in Fig. 5B, should coincide for samples
wiLth equivalent radioactive compositions.
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Gaw. ray spectra

In addition to rates of decay, the effects of differences la
nuclide composition are shown by comparison of gaa spectra of alterea
and unaltered particles taken at various times after detonatlea. These
spectra are shown in Fig. 6. Although differences are reaiy obsrve
tb- complex pulse height distrpuUbo ar not easlU resolved without
extensive radiochemical data.3 For example, in Fig. 6 the 0.1-ey photoss
from Np2 39 are considerably more abundant in particle No. 6 tUs& in Mo. I.
The result is a more rapid decay at early times for particle No. 6 a
shown earlier in Fig. 5A. The reasons for differences in decoy rates FAt

about H+2000 hr, however, are not readily apparent on the basis of the
observed gamma spectra shown in Fig. 6.

Additional differences are shown by comparison of the total fin-
sion values for the samples in Fig. 6 (Particles No. 151, 152, 170 and I7)

""- with the gamma spectra above 0.'-Hev. These spectra clearly Indicate a
relatively higher abundance of photons above this energy 1A particles of
uraltered composition. This is in good agreement with measured R values
for the 140 mass chain which were over an order of magnitude higher In
the unaltered than in the altered particles.

Fissions per gram of fallo.*

Table 4 reports mean fissions per gram of falleut for those
samples which were weighed and anlyzed for total fissiosW. Usixg thei ' activity rtios (WO cpm/104fp ma/l04f ) given in Table 4 It,'vs lpssible" 5i

to compute the total fissions for a auger of samples which had be" 0
weighed and counted but not analyze& for total fissions. The results of
such calculations are given in Table 5, which also Includes al samples

L l which were analyzed for total fissions except for the combine& sample WI.*
J * The particles have been grouped ejecording to class ard thle calculations'

made on the 'bais of activity ratios for each class as given in Table It.
Average values were used for those Lamplee which had been measured Is both -

the WC and GIC. The r,.an values for fissions/gram as given in Table 5
A differ by approximately a factor of 100. This difference vhen compare4

with the data given earlier in Table 2 inlicates that a very significant
fraction of the total activity in the UM sample wa3s from Tarticles ofI the altered category. The latter observatiom is in rSrecent with the
individual WHM splinga presented in, Table 3 and Fig. 2 which show tOat

altered seanples and an even higher percentage of the total fissions. A
*The fission/dim value for this seple, 0.39 x !0, yieldeaL a deviating

from the nea of approximately seveu ti=as the rrobable error of the es
and was not used in the computations.
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FissionslGram Values for Altered and Unaltered Particles

Source Lab. No. Fissions x 101t
per gram

Altered

YAG-1&0 2 1.2

0CC 152 1.0C
159 3.3 j
163 0.51

WHIM 165V 4.7
- (Vrior t sfeving) 166w 4.8

168N 8.5
i74& 6.1

175 E179 2.8
181 2.0

,

wmIM Y 6.7
(500-1000p) WS 8.2

MA 4-.2 + 2.7

Unaltered

OCC 148 0.039
119 0. 2,
150 0.022
151 o.o5
153 0.0010
155 0.081
156
158 0.018
160 0.073161 0.011
162 0.10

165 0.016
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UnFsie/Gran Values for Altered an& UnaltareI Ncle
"

i .. 0Cource. Lab. NIo* . Flssifts x ... U.., , WA[

0cc 166 0o0033.
16T 0.031.
16. 0.019.0

WED 167W 0.01
(prior to, re.I, g)- 0.0071

173 0.15
3.76 ook
178 0.0031+18o) ooM

3.8 o.066
NUNl 0.033 + 0.035

•J2I 2f

JAA. .

0,o
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R values

With respect to fractionation of radionuclides it has long been
aepted that the mse 89 and mas 140 chains which exist for long time
periods as noble gases, halogens and alkali metals* would condense late

and therefore disproportionate with respect to less lo1At1l - lse ....v=. .
O the basis of long-lived gaseous precursors it would be predicted that
the altered or melted particles would exhibit low R values for both chains..
with the 89 smaller of the two. This was verified by the mean R w.lues
given in Table 4, which were 6.090 and 0.018 for the 110 and 89 chains,
respectively. The corresponding values for the unaltered.particles of 2.1
and 0.65 indicate that this latter class of particles may be important as
a scavenger of these nuclides."

It Is also of interest to compare R values obtained in this st..y
vith values obt#ned on gross fallout samples. The latter data gave DaN.
R values ad Sr °  R values of 0.10 and 0.04 respectively** in the lagoon
camples. The low R values for the gross sample from the lagoon area ire
similar to R values obtained with altered particles and suggests a lagoon"
fallout composed prri y of altered particles. Thin suggestion is sup- "

ported by the WM1 sample fission/gram data (described above).

I..

*1I

-* * BaJAiO is fore4 by the decay of the raM.ioelements Xe I O0 (16 -sec half-
life) and C3140 (66 -sec half-life); Sr8 9 is fowd by the decay of the
r,.lioelements Kr89 (3.16-min half-life) and Rb9 (15.-min half-life).

", P.D. LaRiviere, USBRDL, personal communication.
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-" - , VALIDIT OF TH DATA ..... -

The date presented in Vhis report are of three distinct types.1hese are weight determination,; activity measurements (in terms of In-
strnment response, e.g., milliamps, counts); and radiochemical determim-

tions for total fissions and R values.

The eight determinations were carried out with an accuracy and
precision of' approximately plus or minus 5 micrograms. Thus, the majority
of the weight determinations were made to better than +, I %.

With few exceptions all determinations of activity by gamma well
counting (Va) were carried out with a statistical precision of + 3 $ or
better. The ionization chamber measurements (GIC) were maue with a pre-
cision dependent upon the total activity. For samples reading greater
than 10-9 a the precision was better than + 5 % and decreased from this
value to approximatey + 20 $ for samples whnich gave readings of 2x back-
ground (17 x lo-. m).-

Experience with large numbers of samples has shown that the precision
of the varleus radiochemical methods used in this study varied from + 10
to + 15 $. Since measurements of total activity were usually made wtth
a far greater precision than the radiochemical analyses, -the errors in
the computations of the various activity ratios in terms of fissions were
l ost entirely dependent on the errors in rediochemical analysis. The
acuracy of the radiochemical determinations were generally estimated as

o ct to 25 % but may have been as low as + 50 % for samples of lowI cti~ity.

Howeer, it is an unfortunate circumstance bf experiments of this
type that a large number of variables, many uncontrolled or unknown, exist
which could Introduce errors greater than those present in the methods of
analysis. It Is also generally true that little is known concerning the
magnitude of such errors. Among errors of this kind may be listed the
following:

1. Alteration of sample by collector, in transit, or in sampling
Mrocess.

2. Won-random or biased selection.
3- Assumptions concerning reference standards.
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Cmerailg the thil point it in custemary to bass calculations for tetalfisns onea t easurei nauber Qif atoms of the reference nuelita, xeW. i+ii

Althe & cemariseus =*. em the basis of the latter quantity alone are

Valid it is appareat that estimates for total fissions or fratltift

behavier of additional isotopes are actually based ca the distribution of

te reference anacalle "*ho-ghout the fallout sample.

Although it was act possible on the basis of the available data to

assess the maptitu&oe of errors 1 an 2 it was possible %t test the oe-

sisteacy of iMiydidual particle data with data from meas ato te aboss
samples of fallout. The latter somples are less subject to the above

erorS *.han are individual particle samplings, are vell-defixeI, a. are

anIYsed with reasonably vell-Iefime& precision sad accuracy. 2 9 -3 5

Cozarison calculations vore carried out ith data obtainA& from

-prticles from the OCC collector, Ho-7- 6 7. The data for these particles

have bee& givem in Table 1. Following their selection from the OCC tray

- .tk* particles were spreal over a ev tray avd vere counted as a group is

a law geometry scintillation counter. Since the original tray had bee&

provious-assayed in the saw counter and its total fissiea.content d-

UtrminaM. :it vas possible to calculate the total fissions fer the groP

of sinile particles as follows:

1. Total fissions, origi!*1 tray (0CC Hov-F-6 ?) - 1.78 x 106 OILi~~ a t + 100. w .3 x 1o0-4 fisesi .t'

2. Activity, particles 148 to 168 - 6.02 x 103 cpm at + 12 0M

7.16 x 103 em at x + lo0.
3z Ta isio6) ar tc le2s 148 to 168 - (3.3 x 1.04)(T.16 x io3/1.7 L 8 x 106) . *1.7 1012. A

The value obtaited, 1.7 x 1032 fissions, compares favorably with the teal,
1. x 1012 fissions, derivet by sumaixg the number of fissions par particle

- as determind by direct ratiechemical measurement or b calculation using

the 1JC azd GIC activity ratios given earlier in Table 4. A sumary of

fission values fe' each Particle leadias to the 1. 4 x 1O12 figure is givesJ +. in tbl.e 6.

"~, -.
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TABLz 6

Sumary of IndiviAually Measured or Compute& Fissions for Particles
from 0CC Tray How-F-67

, articl* Fissions Computed. Fissions Computed Fissions Ueamarel

Number on basis of on basis of easure( or Average
WC Measurements GIC Measuremeats by Mo99  Compute
and activity ratio and Activity Ratio Analysis Total

. 149 1.55 1.68 1.6
jgo0 1.9 1.9. 151." 3 .T 3 .T
152 22. -22.
153 .0328 .033

I 154 .0192 .019:,1 55 2" .6 2.6
.156 1.0 1.0
157 3.3k 1.0 3.9
158 0.0311 0.031

' .59 7 5:6T4

162. OAT ...8TILZ63 17. i7.

16Ii 0.10k4 0.147 -165 0.100 o.Uo 0.13

SL66 0.0857 0.091T 0.89
.16 0.436 0.587 0.51.

168 0.188 0.239 0.21.

. 1838.
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I+
COKzWONIS AND RECOMMOEDATIN

sace the reported anayses were carried ot on :particles from -
single detonation, a primary conluslon ts that the analysls of mndlv-.
dual particles created by certain types of detonations is entirely feas-
ible. This feasibility was established since individual particles wbick P
represented approximately l01 or more fissions were obtained. Thus It
was possible to make quantitative measurements of the radioactivity of

S such particles.

Physical inspection of the fsllout particles revealed several types
of particler', each of which usually could be classified into one of two
general divisions. The fiirx particle class was made up of spherical orflaky particles. These we.., .easgnated alterel particles inAsmuch as they

represented an obvious )hysical alteration of normal coral particles. The.
second class consiste of ar.Glar or irregular particles and were desig-
nated unaltered particles. The most significant differences in the to "
classes were found to be in the amount and mature of the radioactivity
associated with the particles. Base on the assusptious of (a) a ralio- .

* [o nuclide composition dependent only on particle class an& not time or
point of collection and (b) so serious disproportionation of the refer- "
ence nulide, 19,c s it the two patice ..

I categories differed I& seVerl'respects among which were the fo.lowlug:

1. On the basis of simple arithmetic means the altered particles
were approximately 100 tines higher in term of fissions per
gram of total mass Vpam were the unaltered.

2. The R values for Da1 4O and Sr 89 were over an order of iagnivtdle
lowar in the alte-e. particles than in the unaltered particles.3. Inspection of pJ4O R values and comparison of total fission

values with gamma spectra above 0.4 Hey, indicated a relatively -

higher abundance of photons above this energy in particles of
unaltered composition.

... In a sample collect&d mear the site of detonation a very high
percentage of the total fissions were due to particles of the
altered category.

5. Decay rates for t1e altered and uraltered particles differed
markedly at times leas than H+IO0 and grea ter than 11000 hours.
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Some discussion and possible explanations for the observed da t bas
• been given earlier. As a result, it is suggested that fallout data obtaile

on gross particulate samples collected at various distances from the site
of detonation, where possiblep should be examined on the assumpto of -

sample compositions consisting of varying percentages of aLtered ana im-
altered fallout particles as defined in this report.* That i, the data
should be inspected to determine if fractionation effects, differences la
gAmma energy flux per fissions, etc. may be- attributed to the relative
numbers of altered and unaltered particles. Presentations of sigle par-
tiele data in terms of fissions/gram, R values, rates of decay, gamm
spectra and activity ratios should aid in the interpretation of gros

Isample values. The individual particle information may also be of value
I in fallout model deriv.tions and predictions an& in particle formation

theory.37

Further individual particle analyses should place greater eaphasiUan
the collection and preservation of undisturbed samples and more, rapid andimproved methods of measurement. For particles of sufficient acivity it
was found that radionuclide differences were readily detected by measare-
ment in two instruments with different gamma ray efficiencies. T2e gain
ionization chamber in conjunction with the well scintillation counter
served satisfactorily in this respect except for the rather lot sensitivity
of the ionizatios chamber. With the exception of the gamma ray spectro-
meter measurements for total fissions the radieochemical separations
too slow for large numbers of samples. Either more rapid methods of
separation and counting are required or partial separations followed IW

, 1K intensive gamma ray spectrometer measurements.

Approve& by:w
S" I - ;

E. R.% TOMPENS
Headp, Chemical Technology Division,, - ] .. For the Scientific Director ,

*Prelim .nary calculations carried out by P. LaRiviere, USMRDL, and the
authors indicate that R values for gross samples are calculable from
single particle radiochemical data and knowledge concerning the relative
numbers of altered and unaltered particles.
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