
...~ , , .... ] ., 
! _.. .I. ".!..,::: I: 

,<, ,-..-.I_ 

solontillo lor La laboratory I a mo s 

of tho Univorriv of Cdfornh 
LO$ ALAYOS NfW MfXlCO 87544 

LA-4756 

UC.41 

ISSbEi) December 197 I 

Proceedings 

of Environmental Plutonium Symposium 

Hold at LASL, August 4-5, 1971 

Eric 8. Fowler 

Richard W. b4mJimon 
Morris F. Millign 

00130422 001 

. --____ 

007052 



PROCEEDtNGS OF 

ENVl RONMENTAL PLUTONIUM SYMPOSIUM 

Md at ttn 

Lor Alrmas Scmntific matow 
of thr 

Unkorsity of CJifornia 
Lor Alamor, Nm *xro 

Awst 4 md 5,1971 

FOREWORO 

1 

00130422 002 



WEEOMIN REMARKS 

Huold M. &uw, 
Dhctor, LASL 

I un &mted to weloomc you dl hm thb mom. Wh wo fuat trllsod &out Ihr powblkty 
of bvln) thi~ mow, it IU thorn tht thrn mll)rt k hrmty or thrty pmpk wbo would be 
mtemtsd md would coll~ out for th. Lortoff aymporlum on thk prrtlcukr mbwt. k YOU CIP ~e, 

attmbna hu &tal & an exponmtid fubba. k you uo awe, we'vm ban mv~l*rd hrce at bs 
Uunor with plutodum for I bq, bq tim. In rbr tb plut-rn 8s I muate UN from 
Word. We had tb tuk of put- it m nvullk form md bmbpin( the mrullurly. k you are 

hd to be dcnlopd ud arrird out. We brd I vary lup buU4 ullrd "D" ikJdm(whrch we have 

then. I hw a fmhg it wouldn't pa todry. I orumly know Ut, wtrtn om Ws of the 
uprimenta we urrd to do, not only in Ne- mad tlu hdfk bu ri#U he, take tbe kb work III 
puttcukr, I belkn we wouldn't brm I mwwbd's chna m bll of dotng tho tbp we wed to 
do - and we very careful - md, of mum, SUI- we Lved 
here, brd I praonrl st&# m rhc w dld. 

I thuJr we took d portblr, at Imam in the mttaxt of thow drp twenty or twenty-five yeas 
40, prudent pcauttorrr. k thow of pu who ue #)ry tn the burtna are fuUy Ivue, we are today 
m a completdy m bd puk. I tMnlr 11 Ir pcokblypttkl. Sometha, bornor, we hve L feeing 
that pple ue go- I Wtlr bit owbud m tbc publaty, md typm of hysteria thrt pes wth 
certua typ of pubhuty, pahp mor0 to get atuown thrn to cxpasa hptimrtc concern rn a 
twhmul or mdrd wnn. )ut nrmthrlnr, we are my comxrad, Y 1 moatfoned, not only because 
of the overdl mput on tbr mrtronmmt. but Ww we actually kn hare. You wUI probably flnd 
more Sen8 Club mnakn rn fact or m rpmt, por you num it, III Loa Nunor thn any other city or 
wtitutlon UL the Unitd States. So YO ue pmdy my much mrolwd. Our fncnd: from Rocky 
Flats, whom 1 m krc, amy of whom cam from bo, ud wore he LP the or-1 drys - Bill 
Bnght, and Ed W&o, rrd mury of tbr oar popb who loft he - know what I ma. They went 
to the Fhu rad we rl) kna tb pbh thrt hy% hd with cbeu plutontum m the onnronment. 
I tNrJ; it Woorrr w rll to do thr rry bat we CUI in u! 0b)rctire nnnnor. Thc pmbbma that ue 
frctn( w todry w P0k)ly DO- compred with Ibc problem wm ue go- to be faced wth ten. 
twmty, My, 5fty ym from now. Me IS no qurctron that nudrv power, not only ordmary 
fiuron radon but tb Quid mrul or other type of fut bfwdar, ue golly to be a reahty. We are 
@uq to hrr~ IU SON of pbh with regard to the dlrpoul of rdrorctlrc wastes. low-levcl 
plutonium, ad tMon pduco. somrdry, hopfulty, the f-n pro~ectl wiU corn mto being. 
Maybe oprimlnldy 1t Wm k thhy yrrn from now thrt VI rU rdy have UI on-kne prototype 
fwon 0bcPlal pova unit. ln th maotinr, mi eun 104 boyond Ut, we uc gouy to be faced 
with pobbm of mrtd cuch m ptutonlum. I bdim tkt rb work rod tntrctt you people are 
mvol+rd La at I rymporlvm nrh Y tbb ye goq to Lad to, bt'r uy, an ob~~ctlve, rwd approach 

who ue cowmd will na#m lha we of plutootum u in Lbir bat utmrast urd not bemg 
med out just for the plnrure of mmc 'White cortrd" mentuts who redly don't understand the 
problem. 

&un, 1 M delightd to hve you rll here md un looklnp fonrrd to wmg you thu evcq. 
My best wuber for a very aucccuful mrsting. Thrnk you. 

IWC, Ihc fht WUPM WIIm aaU& frbnwrd b10. 

SO~WW tnna-trlly, I hop, dm of - 1 ~Ortimn WO& fpw 

krlc @aoahun Chrmrctiy rad mdlUgy 

OWI dd Wht wc dld 

wo wue bobu ny pxudat, 

that the bah of thc country an fopow In thisnuanm IbeI&ve that thr pmplemtbe country 
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PLUTONIUM DISTRIBUTION AS A PROBLEM IN ENVIRONMENTAL SCIENCE 

W. H. L-m 
Bimwdi Rmh Qmup 

Unhniy of CdHornir 
Los Alrmos Sciontifk bhorrtorv 

Los Nunot, New Moxico 

ABSTRACT 

introduction 

In his welconnng remrkr, Dr. Harold Amew, the 
LASL hrcctor, mentioned the fact that the problem we 
face in dealing with radioactlve contamation of our 
environment are considerably muller today than they mll 
be in the next two or three decades. There u no better 
way of empahnzing Ius remarks than IO refer to Table 1. 
developed from a talk entitled "The Plutonium Economy 
of the Future." pen by Dr G. T Seaborgat the Fourth 

lnternatlonrl Conference on Plutonium and Other Acti- 

nides on October 5, 1970, in Slnta Fe, New Mexico. Dr. 
Seaborg's projections were baaed in part on the Federal 
Power Comdssion's predictions of the nation's future 
power requirements and the increasing percentages of that 
power that 411 come from nuderr sources. He visualized 
that the mnud production rate of qu will increase 
from about 20,000kg tn the 19701980 period to 

6O.ooO kg in the 1980.1990 decade, and to 8O.W kg in 

the pnod 1990.2000. Bued on cunent trends tn the 
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Plutonium239 
Power Prducdon 

Rutonium238 
Spwx Appliatioru 

Trmplutonium Isotopes 
Cunum-244 
Californium-25 2 

Medid ApHCationJ 
1&20 

40 
0.1 

space propam and vuuolized applicauoru rn tht biobriul 
and med~ad field, he postuhtei the rate of productbon 
and use of % could mcrcI(L from IO to ZOkg m the 
1970.1980 pnod to IOOkg m 19Wl990 wid! the 
amount in use UI powor murca for nnchuricrl hart 
pumps reaching perhrpr aooOb wu thr turn of the 
century 'Ihu is a rtasming mount of %J whrn one 
puts It tn tern of %i equinbnt, by mulrtplym: by a 
factor of - 270, the ratlo of their rpdflc rctMti.c. Dr. 
Seaborg vbupllzts ab that the production rate urd utilr. 
zation of the transplutonium botopn of %nand '%f 
could reach 200 and 3 J wyr, rap.Cthnb, by the you 
2000 These are not lneonmqwntkl ~ounbl of Rdio- 
actmty when one conuden that the h8lfMe of qrn k 
IS yr and "'cf u 3.5 yr. At the subjact of CLlr confemncc 
is drrected toward merho& of qrvntlulb88 plutonhrm in 
the ennronment. no funha conidmlbn aud be given 
to there latter materials. To rppnckw more fully Dr. 
krborg's pluroruurn economy of the futurc. a little more 
Qscursion mat be KI order 

Pl~t0-239 8lrd POW hOddU 

The trend in annul nte of production of 
reflects, of course, the incn- nrtiod powr needs 
over the next three decodes before commrchl tkermo- 
nuclear energ. pdrrriion my become a c.ehnlF.i and 
economic reality. Figure 1 chow, the Yankee atornic 
electric ration near Row, Murcburtts. tho fint okc- 
uic generating pht built under the AEc's har (kwn- 
nntion Reactor Program. Reacton of thi, type, the fht 

to supply commercial power, UdliZC only the zs 

100 
5 

180 
0.8 

.. 
6 ,ooO 

200 
3.5 

comptutmg approrimruly 0.7% of natunl uranium. 
Their inemcknt utlkucm of tbe nation's natural re- 
sources of uranium elhimu them u a undidate for 

thr miion's rxpuithg ponr mods. "he current 
pnntlon of powr &on [Wt Water Reactor 
'(LWR)] h bmad on r plutaolummrichrd fuel cyde. 
Plutonium pmduod during opention b rpnnted and 
added back to the fwl, raulth in about one-third of the 
total brt autput from plutonium fision with 

in( d the by-product plucadum inc~cs the efficiency 
of -tion of tb, M~~W'S umh~~ wurces but still 
nqultrc abmntbl ammu of new nrtunl uranium. The 
wt mtkm of lycton L Jlrdy (i subject of exten- 
dn rawash md dmbpnwat by both the AEC and 
i.rluay TU mmrion L tho Uqutd Metal Fan Bnedcr 
Woi ,i)rlP)R) md u- h ener~y inherent in 

Such a rwtol wlp bmd -from wand will 
&rtw about 80!6 of in marly output from Lnpu fusion 
md tho other 209b from fut Won of 921, while produe- 
~IU enow &Uod plutocllum to provide fuel for new 
mcton. TI& won of pomr output through in. 
cnmd production md utlHzation CC %i accounts for 
the mawing TIU of pmdudon of the btwr u projected 
by R. Sdaq and carcwsntly for ita increuiry potm- 

tL1 u an mrironmcnul coauminrtioa problem. 

pIo&U~ of more plutonium for ntyclky. Thir rccycl. 

WodmEb238 

~hc potentia for production of PPU increases 
directly 4th incmming production of nuclear power. In 
my terpcu % b an idad fwl for mliable 
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themoclectnc snerstors having L w. ratio of power 
output to weight md volume. Such pncnton arc fmdutg, 
and wlll conmue to fmd, nurnerou) now1 md uni ue 

become more and more favorable. 

Space Apptiatioor Rpe 2 shows the fuel capsule 
and paphute fuel EpIJ( of the SNAP-27 thermoelectric 
generator. The fuel capsule contunr thourondr of cunes 
of % in oudc form and has an output of about 
15OOW of thermal power. Three of these denca are 
already powenng expenmental suuam on the moon 
(Apollos 12,14, and 15),and a fourth (Apollo 13) resides 
mtact UI the deep trench of the South Pac~fic Ocean. 
Other urnlax %J oude heat sources are prondmg 
power for orbiting weather and nangauonal satellites 

apphcations u production apabillty and c01t of 4u 

Undoubtedly thne rppiiutions will increue and new 
ones wll develop over the next two decades such as 
power rupplrci for condensers of biologml waster on 
longdunuon manned space miuionr and orbiting space 
statiom. Other foreseeable space needs during the next 
decade or so are for power supplies on non-manned plane- 
tary fly-bys and landings such as the Grand Tour of the 
planets and the Vim program already UI the plannmg 
stage. 

Bbb#cnl and Medial Applimth. Some of the 
most novel and mtnguing applications of *u sources are 
in the realm of biolw and medicine. One already begin- 
ning to be applled u as a battery for circulatory-assist 
dewccs. an example of which is the heart pacer (Fig. 3). 
In this application each dena rcqurer about 0.5 g of 
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END CAP 
PRIMARY WEAT Srr!fLO 

plutonium u the oxide. The most im@mtive rppllcrtton 
of PPU in medicine is thrt of a pmrr arppty for a 
mschanicrl pump to toully npb tb human hout (FQ. 
4). [n this cuc, a& mec&nW but would rqSe 
about 54p of% u nu mmon,of ooum, 
for ~dne the "0 oxide in w~h rppuCrtioru t to iomr 
the neutron expourn of *e n-nt by dimha the 
a,n reaction thrt occurs with ad ab--%. If 
the lonnidrble blolo~cd, mrdicrl md nwdunlcil prob- 
lem of tht, appUatiaa an k anrcom, in the 
199@2~pcrlod,h.Seaboq*tnullurtbrt thrremffit 
be u much u 6OOOkg of % committed to thouse by 
the turn of the century. 

Envimameohl Ratoalum COarmbtbn 

Animal experiments ba#nnning with the hrt injec- 
tioru of plutonium into rats in Apnl 1% by I. C. 
Wton and his cokapas at the University of 
Cdifornir, haw shown uncquivocrlly that thh mrtcrid. 
ukm into the body in sufiident quantity, win produce 
undefirabk cfku (including mar) in mitnah and un- 
doubtedly in man. If the role of plutonium io our future 
economy is to approach remotely the pmjected kwk. 
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Plutonium-238 heart pacer 

Any one of her potentul aourcos of envlrosunental 
contarmnation could conshtute an rntire sympoclum 
with itself. I have purpocefully nfnmed from mention- 
tng nuclear werpont and weapons tomag Y potcntd 
sources of environmental plutomum contlrmnntron 
which. hopefully, will divppeu in the neu futun. 

In all cases, pnvcntion of envlronxmntll contunins- 
hon must rely on sound. effectiw ea$noedng, the effec- 
QVenCSS of wtuch must be under condad rurveiknce 
mth appropnate and pnctlcd rnathodr of monitoring and 
andyvs wiuch, of course, u the pmry toplc of dus 
symposlurn 

Plutonium released to the environment can enter 
m ather directly through lahahtion of atmosphend. 
lyaspendcd mated or mduectly through incorporation 
mto Ius food chom. 

Atmorpbalc -a and Inhltioa. Figure 5 
&ow I rchmutic repmentrtion of direct exposure of 
m v(0 lnhrlrtlon of rtmorphericdly-rupnded pluto- 
mum. Then iuc two modes of expure, the first being 

h7 
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inhlrtion of putickr from the primuy conlamin8tbg 
source prior to surface &position and tbe rcoad InhL. 
lon of particles resuspendad in the rtmorpkmr from the 
conuminated surface subreqwnt to cbpaltlon. la the 
first caw, the material to which the subjoct b expoud is 
beady NIpCnded [that ir, the uqmdon frta &) ia 
unity]. CoaceptuSy, at bM. wttmrtlw d expoun 
under this condition h rJer thn for the rcond, dnce 
exposure it &pendent 011 rir conenmtlon it the poht 
of mterest, particle size dhtrlbutioa. inhhtlom ma, tbnt 
of exponrre, and chanid form of the pluroahua. Of 
coum, if om wblm to rrhtr rxpoun kclt to the 
primuy source term ($4.. dircbup from a procmdng 
pht sluk, nonaithl daomtion of a plulomlwnbarin# 
nulnr wuhad, etc.), the pmbkm Ir fu mn compbx. 
The pobkm now requlra conddrntbn of a bq Kat of 
additionrl vulrblei inr0Mng meteoro~ futon ad 
phykrl upcar of the rpociffc incident. Ihr rcoad mode 
of exporun, iDhrLIion of m~ri#n&d mrterlrl. is cotn- 
phcated mn further by introduction of awn moze vui- 
.bles, row of whkh M poorly &fined if it 9. 'IU 
mode of expacum is rcpmvnted on the wt of Fig. 5. 
The probkm now ia to estimate inhalation expm of an 

8 

indlvidul livtnp in a contaminated mi for a life time or 
my fnction thanof. Undoubtedly, expre will depend 
on how much of the source term (in this CUC, the mwt 

of plutonhirn Qpodtd on the surface) geu nnupmdcd 
iato the hithin8 une [that is, the resupemon factor 

4 b drpndtnt on I rumring number of inter. 
nhud ndrbkr invdving indfrRmd phenomena that 
wlthh thanrrhw rrry from place to place and with time. 
hag thom we nature of the contaminated wrfurt (roil 
typ, wrhr coni, uphr)t, otc.) md id micro- 
mctrordw (Nfbukncc. wind vdodty, ninfdi, etc.). In 
additloa, Qe fraction of the )bur= term (unout deposit- 
ed) m&b& for twwpcndoa wle, with the at wme 
ritl htemhud to such other ftctorr u d type, wgeta- 
tirr mnr, nhfd. etc. Thb attenuation of the ~)utcc 

om ir drlqutod as A,, in Pic 5 urd hu been estimated 
at -4OQys for pnvmhg condktionr at the AEC'r 
Nnrdi TSU Sits. tn CM the are not comphtions 
snou#i, rtlU mother ia the mount of local physical 
activity (whkulu tmftlc, mg cattle, plowing, etc.) in 
the 8rW wfricb, inadcntdiy. d h prtwb %. At 
pmrnt at kut, it L virturlly impossible to calculate 
expaurn in tb atuarioa from first principles. This 
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impouibk situation led me md a formcr &ope (Dr. P. 
S. Hwis) to &five a remqmsbn frtor empirically. In 
1956, un&r the pm~lnr of a uddm m~oty ow the 
hazards of noncritical detonrtknr of plutonium- 
conuinmg nucia warheads, we parformed a rrier of 
quick exprimrnts in an urn of hown rurfuz plutonium 
depmition at the NaJlndr Twt Siu. Air concentration and 
surface depodtion mMIunmenu hd been made at the 
time the contalnina!ing rnnt occumd. At two dierent 
times after the mt, air mpkn were si up and reas- 
pended plutonium resulting from axtmriw vehiculu urf- 
fic in the uer wu marred. From this we concluded that 
a resuspension factor 

applkd to dirnirbed Nmda 6m condltionr and that 

the attenuation factor ba35Ckys. An attempt wu 
ma& dso to ulculrte rcutpmrlon facton by other 
means that &#it rpply undct otber conditions. Deriva- 
tion of a resupemion factor from equilibrium calcuir- 
tions with duty rural air pve a value of 7 x IOd. On the 

basis of these resrupension facton, it was estimated hat 
the Me-time tokrrnce surface deprrilion kveis for Pluto- 
nium were 0.7 Ki/m' and f.OpCi/rn' , for the respective 
sets of conditions. On the buir of data collected dunng 
Nevulr Test Opentionr Rumbbob and Roller Coaster 
(during which laauprndon wu studied), the life-time 
tolerance rurfaa concentntion wt) atimated to be 
70 pCilrn' for undisturbed regions comparable to the 
Nevada dwrt. 

My perpetration and application of the resuspension 
factor have added more to my infamy than dl the other 
damou, deeds of a 2dyr weer. In the first place. from 
the scirntdk point of view, the rsurspenuon factor as 
pnrnted here is mthetiUUy nauseating and simple- 
minded It iua~ms that the surface deposition level in the 
immcdhte vicinity ir the all-important factor in dcterrnin- 
uq rhc air concentration abow ttw contaminated surface 
and  nom the myrird of facton on which resupension 
&pen&. In the second plm, the rewpension factor as 
an empirically derived due applies only to the conditions 
prevailing at the time of derivntion. Reported values range 
all the way from about lrz to 1T". Intuitively, I feel 
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that a factor of about lod & a reasonable rvcrage value to 
UK in estimating the potential huud of occup~q of a 
plutoniurncontamnated area; howetrcr, intuition is not a 
convincing argument. Ihu upcct of the potential rela- 
tionhrp of man to plutonium enviromntal contnmina- 
tion has becn emphasized pMurily to emphldzc the need 
for much more very difficult and sophuticrtcd work on 
the resuspension problem. 

~UtO~ hcorpmtbB bb tk Foe( w. 
Figure 6 is a schematic repmentation of the 8trpr dong 
the food chain from sib to nnn. Approltirmtriy 50% of 
man's food is dcriwd from animal products, according to 

the progrcwion on the bft, rad about SO% directly from 
plants, according to the proprrrion on the mt. The 
amount of environmental plutonium truufcrred to man 
depends on the degree to which plutonium b cmm- 
trated or discrindnated against at each arp in the pwes- 
sion. The ratio of the concentration in the product to that 
in its precursor u expressed as a &crhhition factor. As 

an example, the conantribon of piutoruum (taken in 
through the root system) per B of plant to the plutonium 
concentritlon pr g of mil u about 5 x LF'. however. 
drpcwitlon on plant wrfaco may be a greater source of 
contamahon of plrnu thrn upulte vu the root system 
Multiphuaon of the bcnrmnauon factors along the 
progemon pwr a crude esmatc of the reiationrtup 
betwen mwoumental plut~~~m contamination and 
man vu diotrry Intaka. Thr drrnrmnibon factors, of 

- __ - 

r-t 01 eco~ogcai birc&ruon tctori arc 
nee&$. however, to pmridt pubbc assurance and to 
er~blirh onequivoapY that nnportmt factors have not 
been mwed Uptake of plutonium u lnnwnced by chm- 
id form, and abrorprion from the gutromtestd tract u 

Fig. 6 
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a factor of about 100 lufier for vary you- rnmrrk than 
for dder ones of the same rm. Ab taformrtion on 
plutonium upub and trWRUDkn in rqurtiC chains IS 
sparse mdeed. Certun rquuc lower M known to 
concentrate plutonium by frcton of W to 4OOO. Effect 
of ennronmcnul moditiatlon md -6 of plutonfm 
deposits on ecologiul incarpontian chould be con- 
sidered. AI1 of thnc consaderrtioar roquin contlnurl re- 
finement of monitonng and uutyaal nrthodc md the 
development of new techniques. k you UI 81 aware. one 
of the most cdttcal problem mu u that of rrpnrnmdve 
enwonmend vmpltng 

In summary, the prolcctioru of plutonium produi- 
aon and utllurhon dunng the next three decades are a bit 

sa~nng to say the lurt. The technolow to produce the 
pqectcd mounts IS nrtWy auund. Whether the pro- 
jections offered by Dr Sraborg and the Federal Power 
Cornmuston come about WJ depend on sopfusncated 
cat.+ffectivc cngnanng to control envlronmentd con- 
tulllllmon md contmual rnntonmenul sumillance to 
chcck on cngndcnn$ effectwencu and to convlncc an 
rpprchondvc and occmonslly skcpuul public that the 
gun is worth the ruk 

II 
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Plutonium ha been produced in both the fWon 
and fusion weapons that haw bo tested. Thc yield of 
plutonium per mepton of cxplodve Tom mtkr conider- 
ably u I function of weapon, but it is probibly 
valid to look at le total waponr dtbcir and condder that 

there ir some a~rcnp plutonium yitld. Our work at the 
Health and Safety Lhratory or the work anllrble for 
drsccurrion is not aimed at weapon, wwir md we Ire 
largely confined to condbring tht ratio of % to *sr 
as our yield indlator. in thir paper 1 w10 try to ahow how 
much plutonium hu bcm produced in mpom testing 
and whrt the pnrcnt distribution m. ThC * introduced 
by the burnup of I SNAP-OA Ma not strictly a 
matter of waponr testin# but it is cenrlniy rrbted to the 
overall plutonium problem and I wUI indude it in the 
discussion. 

Roddon of ’%I 

The combined testins of all the nuclear powers 
through 1962 had a furion yield of 200ldt. 7hir can be 
translated into a production of 20Wi of *5r md a 
plutonium production of about 0.4 MCi. Thi, latter figure 
will be refined somewhat in a later ducurrlon. 

Tcitmg in the iunorphrn during the moratorium 
has conunued. with Frrnec carry@ out a number of tests 

in the southern hemlrphae md Maidand China a number 
in the northern hemirphere. The total buon yield of 
these tsns through 1969 hu been about 5% of the yield 
of the pn-I963 tesung.’ 

Rutoluum239 htr 

The plutonium data thrt are available mcludc 
mrisurements m the ttrrtwphen Wth urcraft and balm 
loom, mcuurrmntr of &ace air, measurements of 
monthly Cpoutlon nte. md cumulative deposition on 
the ground. Some mformruon hu been published on 
plutonium in the horphrre. I will try to rewew rhe data 
and to pomt out some of the inferences that may be 
drawn 

Stntorphat. Merruremenu of ’)pPu in the stratos- 
phere hzw ken part of all the programs in tb region. 
and data are awlable from 1957 to date The balloon 
concentrations urd rrtior are not show spec~ficallv wth 
the arcraft measurements but are lncluded m the invert- 
tones even later 
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Concentrations of % m the stratorphew We 
with tune, with tcnttng, md wth mmmb#d facton. 
Thus 1 have chosen to tabulate the %m tatloi, 
whvh wU change only if the prttm of wapon typs 
changes. Dot? for the Hi&-Alutudc Sunpiha Rgnm 
(HASP), the Stardust Rwrm of the Mom Atomc 
Support Apncy, and the Arrtstrerm Rgrm of WL are 
shown m TaMe I Thew ritm uc suffl&ntly constant 10 
that the megaton wmponi whou &brb enun the stntot 
phere can be ccnuibrcd 01 a sqk $owe. 

The rtrrtaspheric nutend I) tbmond wih a half- 
Ut of about I year T)rb u illurtrrud for the *St trim- 
tory in Fig 1, and ana th 239/90 ratlo rmmin8 con- 
stant. the % IS lcrwlg the rttatoaphen at the ymc 

rate 

surtrc At. Lcuur plummum br been conlldcred 
to k almost excludvrly an inhalation had, ~WUUR- 

menu haw tended to rmphrdu r~drct ab ~aa~mtn. 

tiom The rtrrtorpheric 239190 m rrrio of about 
0.017 may be compared mth thc surfact rJI rad= UI 
Table 11. 'The tuly data uo ut good wment. but lata 
nttos for surface air smm to k hqher. 

gven III Table 111. Ihe Sovkt data ~ppr to k low. and 
no check u avdhbk sncc 5r wa no! measured. Other- 

pet Io00 standud cutnc mtcn for rho yan dD0 1965. 
Ttus IS about a factor of IO' Wow tbo KR? mom 
mendatlon for the occupdonrl rxpaun to Wubk 
plutonium at 168 h per week (Ir" pCi/cm'). For du. 
ble plutoruum the recommrnbd lever LI IS Urn bwr. 

nerc were relatavdy few 11#.unmbllts of % in 
surface ur before 1965, but we can de mm crtimrtsi 
based on % data. 'he peak conamdon in the 

The actual concmtntionr of =tu in rurfrct Ur uc 

mr, you mght say tht the muI IeWI VI bout 0.1 pci 

Rolnm 
HASP 

Studwt 

mtrca4l 

14 

hriod 

8/57 - 6/60 

6/61 - 12/61 
1962 
1963 
I961 
1965 
1966 

1967 
1968 
1969 

1/70 - 8/70 

No. of- 

342 

13 
70 
44 

42 
182 
255 

207 
233 
209 
160 

LANL 

2-m RefaeQce 

0017 (17) 

0.019 (18) 
0.01 s 
0.016 
001 7 
001 7 
0.018 

- 

0.021 (19) 
OM1 
0416 
0.017 
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TABLE I1 

239190 RATIOS IS SURFACE AIR 

Location 

Winchester. Mas. 

Over Atlantic 

Japan 

Ispra. Italy 

Northern Hemisphere 

Southern Hemisphere 

Reference 239190 - Rriod - 
5/65 - 2/68 
3/68 - 3/69 

67 - 68 

56-66 
67 - 68 

7/61 - 12/65 
1966 
1967 
1968 
1969 
1970 

1965 
1966 
967 

1968 
1969 
1970 

1965 
1966 
I %7 
I968 
1969 
1970 

n 

't 

5 

0.0 17 
0.028 

0.013 

0.016 
0.023 

0.022 
0.02 1 
0.022 
0.032 
0.024 
0.018 

0.017 (2) 
0.026 
0.019 
0.030 
0.026 
0.022 

0.018 
0.035 
0.037 

0.0 12 
0.046 

0.0 I 7 

wba. The actd deposition rate and cumula- 
tive deposit of % has received little attention. largely 
because it was considered to be of little sipificance, but 

also beuw of the tedious chemistry and ;omparative 
lack of dpha spectrometers. 

Smce the deporttion of %r was well documented. 
the use of a general 239/90 ratio should give a good 
estimate of the plutonium dcpositlon. Figure 3 shows the 
latitudinal distribution of '%r as of 1967: and multiply. 
ing the ordrnates by 0.017 should pve the '%I distrlbu- 
tion. Comparable exerciws with deposition-rate measurc- 
mcnts should also be dd for most of the time penod of 
fallout 

The increased 239/90 ratio after 1965 must be 
considered for mon recent data on rates. but the curnula- 
tlve deposlt was orer 98% down by 1965 and later deposi. 
non  ha^ httle effect It must be remembered, however. 
that the 'Sr IS decaying at a rate of 251% per year This 
means that if we accept a 239/90 ratio of 0.017 at 

productlon, the ratio would now be 0.023 for the present 
cumulative deposu. 

The worldwide depositon of % has been est\- 
mated as about 12.8 MCi, with the rest of the % bemg 
accounted for by decry and local fallou; at the test s11es 
The sorrespondlng u~ would then be about 300 LCI 
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TABLE 111 

% M SUWACE AIR 

Loation 

Winchest :r 

USSR 

Southern Hemisphere 

E 
(u 

r 

a 
W 
e 

a 
E 

Southern Hemisphere 

Mod - 
64 - 69 

I965 
1966 
1967 
1968 
1969 
1970 

1965 
1966 
1967 
L968 
I969 
1970 

0.12 
0. L6 
0.06 
0.1 1 
0.08 
0.12 

0.10 
0.15 
0.06 
0.02 
0.03 
0.08 

~osipm in tbe Ooru A ~UmkX of mttwe. 

NnQ of plutomwn m &&a Wrtct bur bm kcompurbk totheknddrporihon. 
made md Bowm,et d.' have Jlo rrvulmd conmntra- 
nons 8t depths psrtrt thn w)[l m. ?W,ot d! found 
concentrations of 2 to 3 pCUlo00 Utbn in tho PwlRc and 
Miyake and Supmun md Boawn ot d.' found kveb 
someht than 1 pCl/lo00 Uten. If YOU conrldtr the 
plutoruurn to be udormly med m the rwn above the 

lhennocline. thm should be hut 10 pCdlO00 hers to 

Wuumnona by Bown et d. of the 39/90 rwo 
rhowed about 0.006 for depths dwn to 400 rn md tmcc 
rhat for depth8 Vacr thrn 500 m. Hir interpreutlon IS 
that the plutonium acu I) a sdimntary putaculate or is 

potubly movlng by bidogcd rdientationa 
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Pillai, el al. indicated that kelp concentrated pluto- 
nium by a tactor of 1ooO. and that rhellfuh md fish gave 
concentration factors of 200 and 3, respectively, u cm- 
pared to an equal weight of sea water. Measurements by 
Wong,er d.* were in general agreement although the data 
are enremcLy limited. Wong,et al. indicate that the h@i 
concentrations found in sediments might be returned to 

the enwronment through the action of bottom feeders. 

Plutonium in the Bbpha. The bta on plutonium 
in the biosphere measured by alpha spectromrtry tends ro 
be very limited. Magno,er al.' measured ai! concenaa- 
tions and total diet ai well as hum tu- and bone during 
the pcnod 196546. MetPry intake wn mcqnd ai 
7 x IO-3 pCi/day. The exuting air concantrations would 
have Bven an intake of about one.third of this rsutning a 
breathing rate of 20 m'/day. Ihc lung umpb avrraged 
0.45 pCiikg and the bones rangcd from 0.04 to 
0.12 pCilkg. 

The only comparable data w1s dcvtloped in the 
USSR by Smorodmtscvqet al." They menund air con- 
centrations in 1965 and 1966 to be about 
0.005 pCiilO00 m3 and found lung concentrations of 
about 0.1 5 pCi/kg. Their air conmaation, are unexpect- 
edly low and should not lead to the lug Ienb found. 

Smorodtntscva and coworkers rgun also checked 
the pulmonary lymph nodes and obtamed concentrations 
about 50 times higher than the lung. Thb had been 
pomted out in earlier work on occupational exposures 
and is not unexpected. 

PtPtonium Anomly. me 239/90 ratios in surface 
atr during 196869 exceeded the ratios in the strato here 

is not readily explainable, althou@ it rppm to be real. 
It is hoped that the data presently being collected will 
help to clarify the situation. 

Plutonium238 

at comparable times." The apparent enrichment of '%IR, 

Our interest in the problem of plutonium dbtribu- 
tion and deposition was revived when a SNAP.9A device 
burned up over the Indian Ocean in Apnl 1964. Thh unit 
was fueled wth % and the fallout syaem, Lrrikd 
hove became vay useful in evaluating the distribution of 
this material. 

The original satellite contained 17 kci of %. The 
SNAP debris was fust detected in bdoon samples uktn 
over Australia at about 33 km in Auput of 1964. Material 
then appeared at aircraft altitudes in the routhem henil- 
phere in May 1965 and in the northern hcnriaphere in 
December. It tinally reached the ground in the southern 
hemisphere in the spring of 1965. The stratospheric inven. 
tory of SNAP % is shown in Fig. 4." 

A number of the high-altitude fflters were exunincd 
by Holland" at Trape[o/West to ye if they could nti- 
mate the particle size. Radioautography indiated th81 the 

average size was about lorrip, although these 

, 

- 
f 

H 
c 

Fe. 4 

putides mi@ very well hvc ken associated with larger. 
inert dust partidot. 

?he concentrations of '%I in surface air have been 
merarrcd dncc 1964, but some of the carlj data are 
swpct. Table Iy ahow the 238/239 ratios from 1965 
on. It must be remembered that %I wasalso formed in 

werponr tau, and 8 ratio of 0.03 is what might be 
considered churcteristic of test debris. 

The 1968 ratio of almost 2 in the southern hemis- 
phere points out the different origtn of the two isotopes 
and their diffennt behavior. The wpU was distributed 
mostly in the southern hemisphere, and wa5 introduced 
after most of the %I bd already been deposited. 

We atttmptrd to follow the deposition on a very 

limited de by masuing monthly samples from 
Melbourne, Australia. and New York City. Over the next 
few ycrn problems were encountered at both stations and 
a constdenbk fraction of the data had to be discarded. 
'The only continuinl reliable measurements came from 
Ispn when the EURATW group analyzed monthly 
deposition ~rnplrs'~. One station isn't too suitable for 
estimating the worldwide dirtzibution and we have there- 
fore embuked on a program of analyzing roils. 

Our roil sampling started LPtt fall and the data 
should be anilrble this fall. Spm~cs were collected on a 
worldwide basis by HIISL staff and by cooperat~ng 
scientists in many countries. All samples were taken to a 
depth of 30cm to insure inclwion of all the fallout. We 
hope that analysis of thw +ampler for % mll indicate 
ssrnple validity. Plutonium-239 will also be measured. as 
we11 as %I. 
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TABLE N 

23~239 iunos M SURFACE AIR 

Loution 

Northern Hemisphere 

Southern Hemisphere 

Mod 

1965. 
1966 
1967 
1968 
I969 
1970 

1956. 
1966 
1967 
1968 
1969 
1970 

- 

*hrc of YUI only. 

If the SNAP % were uniformly distributed on 
the earth's surface, the uer concentration would be about 
70 dprn/m'. The problem is compounded by the fact that 

weapons debris has hen found at soil depths grencr than 
IS cm, sa we had to set Man u our sunpbg depth. 
Sina an average sooil will run about 400 kth' to 30 cm 
depth, we expect to fmd about 0.2 dpds for &e SNAP 
%. This automatically aeti ttre wnpk dtc at I k( and 
requires a kaching proadun. We ktlrve that we have 
sufficient data to indicate that plutonium from wolpons 
tests and SNAP debris can be acid*xtnctod from kilo. 
gram quantities of soil. This my not be trw for samples 
taken near the New& TOSK Site or em for dl plutonium 
processing phtr. Yhs would have to be tmod on the 
appropriate samples. 

There is some compbution in lookin( at plutontum 
data in any sample. The weapons deb& plutodumcon- 
tam P small amount of '"pu, probbly of the or&r of 
36. lhs value is not well erublished kcruse (ood alpha 
spectrometry wu not bcw urd on the ampler that were 
availabk to us in the pnSNAP period. llw ratio was not 
a problem during the time of njor SNAP fallout because 
238/239 ratios roached 1 md rbon. Thb rill not be true 
in the soil ampler to k andy-ocd tince we have only 
17 kCi of % plus about half as much from testing. as 
compared to 300 kCi of % from the tests. 

2381239 

0.03 
0.16 
0.48 
0.30 
0.29 
0.14 

- 

0.04.0.24 (2) 
0.6 t 
1 .sa 
1.91 
0.92 
os2 
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DlSfRIUUTION OF PLUTONIUM 

FROM ACCIDENTS AND FIELD EXPERIMENTS 

Nowadays, d~scrusions reptduy piutonium seem to 
hive a certam element of unrcrkty ruocuted with 
them - peilup chnctcrubd romowht by the expresnon 
”The Wonderful World of Pluiomum.” There IS em UI 

some cases B reluctance to enter mto such ducwonr, as 
rf it were rather Wte talking about thr nrtuer of mrrgc 
m front of your old mid aunt. There ir rdly no reuOn 
for thr beuw plutonium, u I mad, has a finc and 
exceptional history By that I man that matenah are 
used by humans UI their rffous for pod or for dl, but UI 
rhe of thus service the mrtmrlr evolve a hutory of 
their own. Almost BU the commn mtaL and materials 
such as coal and cotton hrw loq frmnating hutorits m 
which (he brlpht chapters are blyhtcd by very dark chap 
ten Plutonium. in cornpnron, does not. and should not 

m the future, have such blots upon its history. We have 
had rimort 30 years of documented experience tu indi- 
cate that our prrcmt knowledge and techniques are suffi- 
cient to handle MI material in quantity with a real 
myin of safety. It u perhaps worth noting that the 

account4 for dhow, death, and misery thar can be 

attnbutcd to other metals id toxic materials is very 
incompkte and frymcntuy, whereas rather careful sur- 
veUanfe of the ppb worm or involved with pluto. 
mum hm established its rmukable dety record. 

In the yern that we have been us4 plutonium. it 

has found Its way into our environment by three principle 
means. The wurce that accounts for the most widespread 
distribution of plutonium is that created in the upper air 
by atmosphe!ic testing of nuclear weapons. This source of 
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plutoruum has been dirmnrw mce the u#ning of the 
krmtd Nuclear Test Ban Treaty in 1963.’ 

Plutomum. in small amounts, Ius been duperwd 
into local cnnronments by effluents from faclktics hand- 
ling plutonium. but ths hsprd has kcn wefully COW 

trolled and has noi created a health hazard. Moroover, thr 
current well-financed AE€ effort to rduce plutonium 
concentrations in effluents to the lowrit practical lcvcl 
wll. for all practical purposes, eltnuxutc any rd concern 
about plutoruurn UI the environment from thu YIUKCC. 

Plutoruum hrprsed mto the enwomt as a re- 
sult of accidents, however, tlwrys. m )om muuIC, 

be a problem. If we are to &e full uy of Ihu metal u a 
vital element m our Mtionrl defenu efforts, a~ a power 
source m space, as well u on knd and sa, rad PI M 

element m medical demces, we must rapt tk crrtamty 
thrt acadenrs will hrppm and tht plutoaium wdl be 
dutnbuted to some extent rn our envlrwment 

A large portion of the dormtion thnt bu been 
developed concernuy the disperul of plutcnuum from 
accadents IS UI classified documents. Cemdy, LCCCLI to 
clurrfied dormtion u required to compkrely under- 
stand the reports of the actual rcsl&nu md the field 
exprumnts. I wu go- to uy that cMr u dottwtely 
the case, but III realaty it u fortunate tlpt acadents, 
except in the caae of auclur wapns, hvt not crated 
my mJor ennronmmtal bezlth probkm, 

Probably the furt relcuc of plutoruum wu an ex. 
penment conducted by the Loc Akmos Sarntrflc Lbarr- 
tory UI the early days of h Nwda Teat Slte The 
purpose of the exptnmcnt was to drrrrmm thc proper- 
tin of plutonium when SUbJeCtd to fora gwfrted by 
the detonation of hgh erplouvm. Thr momtonng effort 
was dlrected prirnarlly toward potrcom of thc workers. 
h event u mentioned here only to aote that 
AEC-WOO has appomted a amnuttee to study otcI 
wth old plutonium con~am~~t~on and that th Rcynoldc 
Electncal and Enpeeq Compay, th support contrac- 
lor for the Nevada Test site, u now rnpled ~n cokamg 
prehnunary data from this areaa 

The kit SKld crprmnts for evllurttng weapon 
safety were conducted by the bs Alunoc Scnntific 
Laboratory UI 1955 and 1956 la an oprrruon crlltd 
Project 56. 7’hhrw expnmmts wore rqutrod to ortablalh 
dtsrgn parameters to ewe tbrt wuponi urvolved rn 
accidents would not produce a nucLu ydd. A total of 
four events WY new to denlop th mdd data. The 
study of the plutomum comrmtartlon bvrh pduced III 

the enmmnmeni by tk espnimnts vu caaudored to be 
of rcondary importance, but a quickly mmbkd group 
of people produced data on w md ground antmumuon 
kvek u a fuaaron of distuua.’ k pn of tin overall 
effort, psrronnel on tht H.tundon wff of the Lor 
Ahnos Suentific Laboratory produced, on a cnrh buu, 
a hwrd evaluation for tk relruc of plutonnun from a 
weapon rnvolwd in M rccldent.‘ One of the comluonr 
that evolved from tIus thcoretiul evaluation, bolrtered by 
scant enwonmenid data from Ropa 56, was that 

100~ h/ma on the BrOUnd would be de for a hfetime 
occupancy The authors, well aware of the Uncertamties 
md wumptions that had gone mto tlur urgently needed 
evrluatton, strongly recommended sdditioml studies of 
the awldent we 

The need for adLuonal data, acknowledged by the 
MX and DoD, ibd to the experiment conducted by Test 
Group 57 Operation Plumbbob’ in 1957. Four broad 
mu of merest were studied 

0 MCMS of mtmtmg dutnbution and long-term 
dutribuuon of pluton~um dispersed by a nonnuclear 
delonatron. 

0 Ekorntdicol evaluation of a plutoruum-laden en. 
wonment. 

0 Evduation of decontrrmnrtion mthods. 

Alpha survey uutrumntation and field momtor- 
mg procedures for the pomp atmatLon of levels of 
plutoruurn contirrrrmtion 

The wlou studh produced data that should be 
more wdely dlrvrbutd and shouid be rubpted to ad&- 
uod uulyuc The figure of 3S00 cy Wm’ wu estab- 
Ud u de for Ufetimc occuprncy wth normal actimty, 
u., weather u the role raupenrion force, being an 

unportant atipultioa. The number generally asrociated 
nth Project 57, bomver. II IO00 

[hta from thrr mgk releuc dld not settle all of the 
questions and uncertmue, that bothered the AEC and 
DoD m thw efforts to develop proper aiterln for the 
ctorrpr and trmpomuon of nuclear weapons Sharing 
thrc concern was the Atomic Eneqy Authority of the 
Umted wdom. The three qencw therefore sponsored 
Operation Roller Coaster 

The field expenmenu were wried out jointly by 
Umted Stales ud Uruted Kingdom pcrlonnel ui 1963 on 
the TOM@ Test Range UI Nevada Ihe objectives of the 
operauon were 

0 To make mearurernenti of plutonium to permit 
It, dutnbuuon and behanor dururg cloud travel to be 
deternunod. 

Pu/ma 

To obtun data to permit complete chuacteriza- 

0 To detarmnr tbe lung drpouuon md fate of 
plutonium lnhbd dq cbud prugc by several uumal 
tpwer; to compur MLmpt drtr nth JU wnplmg data 
and attempt to ertlrmte the dow to man from mhalation. 

e To evaluate the effects on the duprrrl of Pluto- 
nium of varylnl uty)untx of cuth cover on storage con- 

tion of the scrorols m the cloud. 

fgurlli0ns 
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0 To further develop tk model dctcribuy cloud 
behavior and prticle deposition uang sedimentation and 
turbulent diffusion theory K, that plutonium releucs in a 
variety of weather conditions could be ntunated. 

Prior to conducting the experiment. United States 
and United Kingdom personnel had weed that no at- 
tempt would be made to obtain rewpnrion rneuure- 
ments because of tbc mmpkx NtUlt of the procca md 
the effort required. The difficulties md complsxitirr are 
not to be denied. but the inrbility to fund of to interest I 
qualified group to investigate the rslurpanaicm of pbt~r 
Num IS a matter to be regretted. Thk ir puticuktly true 
since much of the basic &ti required in a rnurpnsion 
study, 1.e.. the kwl of pluiaaium contamination on the 
sooil, wu esublirhed at peat ant utd effort by the vanow 
test group involved in this opntbn. 

Altogether, four experimental fmld rekurr from 
four shots were involved in tbe Optation. Two shots 
were conducted in the open with I difference in the ratio 
of plutonium to M# explorin, and the other two were m 
a storage confipration with the sum ratio of plutonium 
to high exploun but with a dlffermcr in the depth of 
earth overburden on the rtaqc structwe). 

The experimental mays were elaborately instru- 
mented for the detection of airborne plutonium and 
depotlted plutomum. A harily initnrmcnted wire cur- 
tain. lS00 ft in width and for one shot 1800 ft in heat, 
was used to document tbe vertical distribution of Pluto. 
nium tn the cloud. On one of the evenu a total of 298 
animals (84 beagle dogs, 84 bunor. and 130 sheep) were 
positioned in tk downwind imtrurntntd any. 

These elaborate field exprimnts developed a great 
mass of data and rnultod in a luge number of pubWHd 
reports6,’ on the various projocts. I[ ir cbar, howewr, 
that additional efforts rhould be devoted to an analysis 
and correlation of thir data. 

It should be noted that ow the intervening yeus 
the Reynolds Electrical and Enpmrmg Company has 
periodidly resurveyed the ami that were contaminated 
by there experiments. 

fhe wisdom and foresight of the authorities who 
decided to conduct the field rehur exprimnu were 
validated by the Pdomarer and Thulc accidents. In the 
flnt place, and of the utmost impotturcc. the bombs that 
&d explode a a mult of the accidanntr did not g~ve a 
nuclear yield. Secondly, tbe rxprimrntr created a group 
of peopk within the AEC ad DoD communities with an 
underitanding of, and a tboqhtout poritton on, the 
problem. Fortunately, one mmber of hr group, Wnght 
Langham, Los Namm Scientific Uorrtory, was brought 
in 01 a DoD consultant on both accldmts. It wu primully 
throu& his efforts that this country wu able to arrange 
satisfactory agreements with both the Spanish and huh 
authorities. Basically, the operative procedure was to 
make available to the Spanish and Danish authoritkr the 

resources required for them to mure themrelves. and 
consequently their people, that the hazards had been 

properly evaluated md eliminated. Publirhed papers by 
penomel of both countries have indicated that such IS 

lndeed the caw.~ii 
The hionurea rccdent on January 16. 1966. re- 

sulted from a mid-air exploaon during a refueung opera. 
aon between I 052 bomber md a KC-135 tanker. Four 
plutonium-bearing nuclear weapons were jarred loose 
from the pkn by the explosion. Three of the devices 
mpraed on tbe ground in the vicinity of the Sparush 
we of Rlomues and one landed rn the Mediterranean 
Sa. Two weapon# were ultimrtely recovered Intact, the 
one from the tea and one of the three that impacted on 
the pound. Ibc other two wapo~ detonated on impact 
with the pound and dirprsed plutonium over some 
1200 LCII of Bround. A wuuj with an estimated velocity 
of 30 knots prcvded at the time. It should be noted tbar 
under thrr coaditiom the radius of the area with con- 
tuni~tlon over 500 &ma WWJ about 80 m for one deto- 
nation rite rad about 65 m for the other site. The cleanup 
prodwe coltlfrted of vrapirU d remowng the top 
layer of moil from abut 6 acres with contamination levels 
above S00c9/ma. Crop, m fields with contammation 
levels abort 5 &ma, were remd and destroyed. AU of 
thia matdl wu pckued ud ultimately shipped to the 
United Stat#. Orpuully. it wu planned to plow only the 
land between tb 50pg/ma and 500&n2 contunina- 
tion contours, However. with equipment on hand, it was 

drod.d to pbw to a depth of about loin. all the land 
contadnatal to a level above 5 &n2, It was considered 
that the pbmq would dilute the plutonium by mixlng it 

with I ma IIUM of roil md would make the plutonium 
less s&lr for rnwpemion. k prenously noted. the 
spyluh authorib have reported that after rhe area was 

decontaminated the Oir concentrations in the vicimty 
were those to be expected from worldwide fallout and 
that dl detnminrlions for plutonium uptake on the part 
of the rnhbitanu of Palornuts had been negative. 

The auh of a B-52 bomber on the ice of North 
Star ky about 7 to 7%mr from ?hule, Greenland, oc- 
curred on Jmurry 21. 1968. Caw of the crash was an 
uncontrohbk onboud fue that made it necessary for the 
crew to bail out. The plane impacted on the ice with a 
velocity of about 500knou and at a IS degree atrirude. 
On impact, the fuel ynited and the four plutonium. 
bating warpons exploded. Dcbrrr md flaming fuel. pro. 
pUed by th forward motion of the plane, was scattered 
rbng a pth about 700m bng. A luge blackened area 
about 130 m wide md 700 m long was formed by corn. 
burtion products being tram in refrozen ice and snow 

It hu been estimated that approximrtcty 99% of the 
plutonium within the drfmed contaminated zone was 

cont8ind tn the black mated ice mi snow of thr area. 
Road prdcn windrowed the black materul and mcchan- 
ked loaders placed it in lupe woodm boxer for removal 
tiom the contaminated area, Eventually sixty-wven 
2S.a@tdbf1 fuel containers were filled with this mare- 
nal and four additional such containers were required to 
itore contaminated equipment md gear. This material was 
slupped to the United States for final disposal. 
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X cloud formed by the explosion was measured by 
radar as being about 550 m h#~ 800 m in length, and 
800 m in depth, and it undoubtedly carned tom Pluto- 
nium downwind. 

Datush s~ientists investigated rather thoroughly the 
levels of the plutonium in the environment and concluded 
from their findings that the environmcnul impact was 
negligible. 

Two important points hat should be remembered 
are demonstrated by the experience from these two acci- 
dents. Fun. the dispersal of rpprccilbk qUMdtkS of 
plutonium did not create a catastrophe in term of hum 
impairment and death or in term of property damage 
but, instead, were incidents that. with modern tech- 
nology, were brought under rather complcte control. 
Secondly, the determination to wst the load authorities 
m their evaluation of tht situation made it postibk for 
them to convince thernwlvcr that hums lud not been 
injured by the immediate effects and that 1oq.rMgc 
hazards had been elirmwtcd or reduced to acccpubk 
levels. This assurance was conveyed to their citizens and 
appreciably reduccd the sup111 on our mtemtionrl rela- 
tions. 

1 would sincerely hope that our own citirrnr would 
be treated with the svne conaldnatron and rapea in the 
event of a similar incident on United Slates boil. I have 
instead, however, a very unhappy vhon of ruch an event, 
UI whch the news media are on an antitstablirhment 
kick. security and aiormc energy expcrtr indae in in&- 
vidual ego trips. and credibility is completely destroyed, 
with the final result bang a group of citlzenr unhurt and 
unendangetcd. but compeUed to - cry a pcychologtcal 
burden of worry, fear, and doubt tor ths rest of their 
Lives. That may be an unduly purrmrtlc vuion. but it 
does seem clear that podtivc steps should be taken to 
identify the best possible response to an accident involv- 
ing pluroruum. 

A suggested first step would be to fund B scnous 
effort 

To compile and evduate avrilrble data from the 
field releass and the accidents. 

To pronde u1 unclauificd and rerlirtic tvdurtion 
of the hazards asrocutcd with an accidental plutomum 
release to the environmtnt. 

To identify those areas that reqm fun- for 
immediate and long-range mvcrqptionr. 

A realistic evaluation would in large mwe offset the 
harm that has bnn done by the murppbution of the 
“maximum credible accident” concept, urd would help to 
define plutoruum’s prop pb in tiu spectrum of 
hazards that confront man m a modern mdurtnrl maety. 
If th IS no: accomphbd. and plutoarurn u compribd to 
occupy a uruque position compktdy outude thu spec- 
trum, then very kely tk ultunrtt lud&annt wlll k tha~ 
science and technology have qun bten mal. The 
dluatisfaction with xience today stems brucdy from 
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our apparent irubilrty to realm the benefits of tech- 
nology without undue impairment to our physical, envi- 
ronmental, and raclrl well-bemg. It has been dcmon- 
nrsted that the benefits of plutonium can be reahzed 
with mmum Idverst mpacts on our society Forcing 
plutomum out of le mukctphce by unnecessary restric- 
tions WLU only mcour~e and prolong dependence on 
mteruk tht have had rn the past, and probably wdi 
contmue to have m the future. YVCIC detrimental effects 
on raclety. 
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INDUTTRIAL-WPE OPERA~KW AS A SOURCE OF EWVIRWYENTAL PLUTONIUM 

The Rocky Rru pht began operating in 1953 
processing plutonium, earlchtd uranium, and drpLtd 
uranium. Over the yeur more md more emphui, hrc 
been placed on plutonium and kts md bu on tbc OW 
materials. Since thts u I plutonium motting, we will 
confine our dircurwon to plutonium operations rt Rocky 
Rats. 

Flgme 1 is a mrp of thc orea in which we M 

located. The AECowned M I( 2 mik on r side with the 
occupied portion of the pht rite confii to about 
1 quare mile in the area bctwrcn Whut Crack and 
Woman Creek. Downtown hnnr I( but 15 or 16 mil.r 
to the southeast. The southern city Itmits of Bculder, I 
city of 70,000. k 6 mikr north. Tht 0th tom shorn 
are smaller. Thi, area is dtwntiruy prter Drnnr md 
urban. The area close to the plant k nurl - mainly Intlnl 
land dthoufi there u some rrrlQted fuminc pkn, exin 
for commercial d reudentll development close by, 
mainly to the south ad rut. 

The southern portion of thc plant rite is drained by 
Woman Creek, dry part of thr p81, which flow into 
Standley We. Strndley bb is an miption nwmu u 
well u the municipal watn supply for Wlctminrter. Tbe 
northern portion of the phnt is drrinod by two branches 
of Wdnur Creek whch join aut of tlw pknt and flow 
into Great Western Rerrvoir. Great Western Rearvoir is 

Broomfield’s municipal water supply. Effluents from our 
process waste treatment plmt and from our untluy 

mer system flow Into the mouth branch of Wdnut Creek 
rad through 8 wries of four ponds before releuc offslte. 
Walnut Cmk pro*ldes about 2% of Great Western’s 
water, another 8% corn0 from Coal Creek. and the re- 
muning 9W% from the Ch Creek watershed. 

Thc foothills of the Rocky Mountains extend along 
the west tdst of Fig. 1; the remaining terrain is typically 

Fig. 1 
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prairie -arid ud rprrly vegetated except where it tt 

irrigated. ne gmmmcntowned hd ir enclosed with a 
barbed wire cattle fence; there are no domestic arumals 
within its boundaries. Wildlife which shares our domain 
includes such typical prairie types as deer, coyote, rattle- 
snakes, and rabbits. 

Winds from the west, northwest, md southwest 
prevail along the foot!uUr. Dunng the frll and winter 
months windstorm occur frequently. Guru over 
100 mph hrve been recorded. The prevuling winds at the 
Denver weather station ue from the south. 

Preoperational rite.sunty mcuuremcnts were con- 
ducted by a tern from bnford and included betagamma 
surveys, and water and vegetation samples analyzed for 
uranium plus plutonium content, plus a few ra&um mas- 
uremcnts. 

Figure 2 is a clorc-up of Rocky Flats. This fqure 
rhowr our orwl plutonium processing facility, building 
77 1, urd proctu waste treatment facility, building 774. 
More recent additions to the plant include buildings 
776-777, a production building completed in 1957, build- 
ing 779 R and facilities completed VI 1966, building 559, 
an analytical laboratory completed UI 1968, md building 
707, a production building completed in 1970. We refer 
to this entlre area u the plutonium complex. Plutonium 
operations are confwd to this area for the most pan. The 

903 area was ud as a temporvy storage uea for drums 
contalnurg contarmnated oil for a time We will dscuss 
ttus more later 

All effluent au from plutonium bulldmp 1s filtered 
through HEPA Nters and stncki ace contrnuouly mom. 
tored for urbome releuts. blunttic samples are col- 
lected through HV-70 paper and evalutations arc cab- 
hted m terms of total longlvcd alpha. ImtiaUy, when we 
believed that dl releases were of PuO,. we appkd the 
guide kvel of I pCi/rn’ for mwoluble plutonium. Now, 
rather than demonstrate proportions of moluble and 
soluble plutoruum m typd effluents, we apply the more 
restrictive soluble guide of 0.06 pCi/m3 for soluble Pluto- 
mum to all stack relews 

Figure 3 shows the location of our I2 onsite air 
urnpien. Thee are amtmuoua samplers drawvlg 2 cfm 
and are collected duly Total long-lrved dpha evaluations 
of these samples hrve always been well below the Pluto- 
 NU^ gwde Levels. Ftgure 4 shows typical data from the 
onsite sunpliag net. ’Ihtr pr~cukr display is for 1968 
and 1969 urd u no different from errher years 

We believe that additlolul filtration, advanced de- 
ugn features, and more exhaustive treatment of hquid 
wastes, som &heady completed and some yet to be 
completed, will place us m a position of near zero release 
wthm the next few yeus. 
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Fqun 5 rhorvr average total, long-lived alpha con- 
centratioru mc~lund rn the bull- 771 main exhaust 
Thu prticulu buddm ty@y shows greatest opera- 
UOMI rekm. 'lb yaph mdiuto both yculy averages as 
well u the rye of monthly averqrc m pCi/m'. The high 
plnt m 1957 occurnd fOu- 8 fw thrl drmaged the 
fllter system. Ihc ~WI pomts of 1964 and 1965 were 

rttnbutcd to filter lukqe occurring about the middle of 
bcmnber, 1964 ud comctd rn the latter parr of 
JMUW, 1965. 

F@m 6 &how total stack nleut by yelr from our 
pluroruum cornplcn The dru ue expressed as pCi of 
toul loq-lmd alpha. 'The hjgb concentrations seen in 
Fig. 6 M thr 19S7 fire and buildtag 771 fflter fadure in 
I964 d 1965. Ihr 1957 perk doer not represent total 
releas dw-4 the fln mcc our umpler becune mopera- 
rfw during the h. bhr it u an indication of hgh 
mmpk oksmd m October, 1957 from contammtlon UI 
the ductwork md fdenum followmj restorauon of the 
system. Ibc pb in 1969 ir due to lugher runpla from 

p~tt mtqntd &borne rebus throw the stacks and 
totals 41.3 uC1 of total, long-hved alpha through April 
1971 

Wute rolutionr gmcrrtd UI the plutonium com- 
plex rnclude kuadry wastea md process waste solut~onr 
generated at vanow phutr of the operations Such 

buUdhU 776 fOU- thr MAY 1969 fire Fwurt 7 de- 
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rolution, am held in norye unk, at their generrtion 
point until by hw been dyzd, at which time several 
optiOar rat. Solutions whch ue bw in plutonium con- 
tmt but in chemid content may be pumped to lolu 
mpontion pond, for conantrrtion. Soluuonr whch 
nmt UspHs drinkky-watct rtrndudr in chemical con- 
tmt rad 10 CFR 20 ~1.nd.rdr in rrd~orctin content may 
k rrlrtcrd to the unitary waste ryrum. Uung the me 
rationJc r with &borne efflwtr, we apply the most 
restrictive guide of our plant materiolr, 1600 pCi/liter for 
rolubk plutonium u our relcue point. Other solutions 
UI pumpd to bulwn) 774. OUT wte treatment faccllity. 
for furthtr plutonium removal. Solids rerulting from 
buildig 774 oprritiau md other did piutoniurn- 
am- wuta pnmted in other building$ are pack- 
pld rad dppd to Idrho for burial md storage. There 
have beon no known plutonium reltuer to the envuon- 
ment by wry of did waste hudlnp. 

Liquid rffluntr from building 774 are releutd IO 

the wuth W&ut Cmk tours when they meet USPHS 
md 10 CFR 20 guides. 'chic effluent jomr with sanitary 
swage effluent and flow through a series of ponds into 

Fig. 6 
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CON'TROCLLL) RELEASES WMH EXHAUST SYSTEMS 
50 

m. 7 

40- 

30. 
mci 

20 

IO- 

hior to rhc rMitlocl of building 778, the plutonium 
buadry wu bcud h 771. bundry wiite sam- 
plm bwm tbu! 1600 pCCvhor rehd directly to 

Uw nod brrrch of Wllnut Crak. An additional 2.5 mCi 
d rcttvlry bw kra nlrud to tbe rnvlronmmt by this 
route, 01 a totd of91 mCi io @id affluents. An undeter- 
mined porrrOn of thi, 91 mCi Lc nrtwdly occurring 

In rddltbn to coarrolhd rebues, plutonium has 
been nhd to thr ro*tronmrat from three occwrences 

In S8ptmba, 1%7 plutoaaun mu1 rpont~cously 
vtrd rn a @*box od mtd Wopm burned The 
fin quickJy bd throw th, pkxqh window After 
urrmccrdul attamp: to amtrd tb fin withCO, a fine 
spray of -tar wu urd arcordully. Lrge amounts of 
mako hd fiW tb room ud the rxhut fans were 
tumd m rpd to clru the mob. Thu smoke was 

@da)y *b u 11 kft thC Qidr. hwr. port8ble air 

mph #et up to dtor thu smoke detected very little 

lorp-lind acttrtty. 
lk Rrc next qmad up the cxhaut ducts to the 

exhr\ut Nter pknum. Flammable fdtns Don caught fire 
&trow a mjor portion of the filtering system. This 
spread of nre war 8ccomplued by an explosion in the 
exluwt dua 

- 

- 

o+ 
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Followi~ the fire it was ntimrted that about I g of 
plutonium had been rekucd offQtc through the damaged 
filter system. 

Fgun 11 if the dplu spectrum of a lS-min, high- 
volum ai! sample uken downwind (south) during the 
fire. It diater a concentration of about 4 pCi/m’ Pu. 
Another sample taken due cut of the ruck showed barely 
detectable mounts of plutonium. 

An enwonmental iumy was begun ‘the followjng 
day witb a plckup of wetation, sooil, and water samples. 
The soil uulp were not very definitive. We acid-leached 
them urd wpurtd plutouium by our then-routine 
method of bismuth pimphate -lanthanum fluoride CO- 

precipitation. whrlc we could detect plutonium by dpha 
spectiomtry in romc of the onrite samples, there were 
other dphr emitters pmt. the spectra welt smeared, 
and w were unable to quantify thc results. 

Of some 15 onrite water samples collected. ~IUKO- 
nium was detected in four of them at a mwmurn of 

ILAI 

Fig. 9 
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0.5 pCi/liter. Of 35 offute water wnpks collected during 
the month following the fire, plutonium contammation 
wu noted KI two of tbct at a hl too low to be 
statistrdly valid-ku than 0.1 pCJlitrr. 

Water and vegetation mpk wen urrlyrrd by 
extracting with ether It that timr. Thrr mothod #a= good 
xpration of plutonium and uranium ad a thin mount 
for alpha spectrometry. F@ue 12 u a typul dptu rpec- 
trum of a vegetation sample. We dnoctd plutonium on 
mat of the vegetation runpkr couIctad during this 
period up to a muimum of 600#3/kg on 47onsite 
sampler md 200 pCi/kg on 43 offsite mpk. 

Our Jpha rpdromtrr hd only rmtty been 
acquired and we had no pa-fin data on plutonium on 
vegetation. Consequently w WON Ute to ntirmte how 
much of thr obrcmd plutoaium yu of fuc om. We 
saw some plutonium on umpla taken from all directions 
from the piant but the rmxim welt to the south, 
downwtnd at the time of thc fi. 7hc grou dphr activity 
of thew samples wu lomewht bi&cr tlun OUI back- 
ground data although not extremely K). We could not 
detect my ground contamination on the plant site by 
direct survey. We concluded from tb.w mruuremntr 
that any offsite contamination cerultinl from the fire wu 
insignificant and there were no hot spots from fallout 
from the rtack. 

On May 11, 1969. a fire broke out in builbng 776 
and ewntuaUy resulted in multWon dolls damage. 

lutho@ there was some damage to one filter plenum the 
bddmg eucntully muntuned tts integrity and httk 
pluio~um escaped Contrmuution wu found on the roof 
of b\uldlng 776 md an adjmnt budding and on the 
Found on three udcr of bu- 776 The roof contamin- 
rum, up to 10' CPM u meaured with survey instru- 
ments. cam from booster 1 exhaust. Molt of the ground 
coatammatton wu caused by vadtlnp dunng fire-Wtmg 
oparatuxu. Lcnk up to 10) CPM were noted on the 
pound. Chute UI runpkr for the period May 9 through 
12, 1969 ranged from 0.03 to 0 31 pCi/m' total long- 
Uwd alpha. fhu u lugher by an order of rnaptude than 
we nordy obwm but rtdl wall below the gudc level 
for lnoolubk plutoruum. OffUte III samples showed no 
obvmblc ekntlon of dphr rctmty. Thrr was also con- 
bmed by the state of Colorado -ant of Hedthon 
sunpks Urn from thcu momtormg net. The wmd was 
low and mo~tly from the northeast dururg the fire 

&uusc of rr~ntty problems we were unable to 
retneve our ehwc sampler until May IS. The three 
mpkr KI the rnun exhrwt showed 3.2, 21 6, and 
35.0 d/m/m' total bq-bvod alpha for thu period From 
thrx data we ulculatd I mumum rekuc VIO the main 
exhurt of 193jCi dun- the 144-h period of May 9 
throu$h IS Boater urd dry iur systems mplers shut 
down bout 4p.m. on the day of tht fire due to power 
lw. Throqh wt ped of tlmc they had re!eased 
13 ~CI of Pu "hurtfore. rekue from the exhaust system 

VIS SOmCWhlt Ul CXCeU Of 206 Kl(3.3 m). 
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CHANNEL 

Fig. I2 

Mud efllutntr rhowed a muurnum kwl tn pond 5 
on May 12, 1969 of 68pCYlltn gma alph and 
12 pCi/hter in Walnut Crrk MU Grrt Watm bar- 
vou Dung the month of May, daily mmpk of Gut 

Western Rruxvoir duwd a murm\um of 5 pCilliter pu 
dpha whlfh is not rbnted from lKKrml re-. 

Vcptrtlon runpies uulyud ndiocbmidy for 
plutauum ranged up to 225 *illy of plutonium. ’he 
uruIIuIII plul phltdonlum dph mtmt of tbev LLm 

sampler showed IY) anomalies from our routme ennron- 
mental umplmg paq~n dts in prior yam. 

As thu mfornutim wu Murlly de pubhc, the 
Colorado Committee for Envimmmntal lafonnrtron 
(Peter Metyr, chpmun) urd a R#Jry FLtr utbcom- 
mittec of ths group der Ed Mutoll took inw wth our 
conclusions that no mtpllficant amounts of plutonium had 
been ffbutd durh tht fire. At a mrtin# 8: Rocky Flau 
the subcommittee arpd that our dr vmplinl net was 
not adequate to detect a channelized relruc, tht vegeta- 
tion wu not a ~Ood umpUrq medium, that a land NTWY 

for 1oallred”hot rpotr” should be conducted, that our 
water data showed a plutauum bruldup m Ralrton 
Rernou, and thrt soil samples should be coUected and 

dymi for plutonium. We took UIUC with some of their 
points but did qme to duct a lunited soil samplmg 
pogzm We collrctd mm 50 rod runpies m Auptt. 
1969 but p8tpOmi rnrlynru them or even developing 
an analytical nuthod for them untd we had completed 
our other mviroanratd sampler. In the meantime Ed 
Manell md Stmmrt Poet colkcted soil and water samples 
m the uea ad rnrlyzed ttum in their laborarory at 
WAR in Boulder. Martell ducbd Ius data in January 
1970 m a letter to Glm Seaborg. Soll samples from 15 
twtlons mottly rut of thr plant ranged from 0.04 dimlg 
(hu brclyround sun+) to 13.5 dlrnlg of plutonium and 
rwn watir vmplra from 0.003 to 0.4 dlmlliter of pluto- 
mum. Soil md water samples we had completed by that 
urn we UI goner4 qnmant with his data 

The AEC sent Ed P Hardy and hl W. Krcy from 
NYO HASL to conduct UI mdepndcnt study of Pluto- 
mum contrminrtlon n the arm u1 February. 1970 Their 

&y sampled 33 uta up to 40 mdet dutance from the 
plant and found concentrations ranging up to 
Zoo0 mCi/km’ (40 d/m/B) offrrtc. Urmg a 3-mCI~km’ 
contour as theu lowest readily dmernlble contour 

findus IIC mnd in HASL.235 (August. 1970) 
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(approximately 1 times background from worldwide fall- 
out) they concluded ihe contamnation from Rocky Flats 
exirndcd easi and southeast up to 8 mlcs md contamed 
1.6 CL 111 6 g) 01 plutonium excluding AEC-owned land. 

The sure of Colorado Department of Health also 
conducred a survey of plutonium VI surface soils offsite. 
They compositrd 25 surface samples from each of 13 
wgmenis. SWRHL analyzed thew samples and found a 
maximum of 24d/m/g. From these data the Colorado 
Dcpartment of Health estimated 0.3 Ci (4.8 g) of Pluto- 
ntum as surface contamination offsite. 

Using additional data, a aroup of Dow R and D 
people estimated offwe surface contamination to be 7.6 g 
of plutonium. 

Althou@ Martell had developed h study bccrua 
he bebved the May, 1969 fire had released large amounts 
of plutonium. it was soon apparent that the source of 
contamination was not the fire but from a contaminated 
area onsite. the 903 area previously mentioned. 

In the late 1950’s plutonium procewna began pen- 
crating hrgc quantities of contaminated cuttmg oik and 
solvents. These could not be shipped as contaminated 
waste nor processed at the waste treatment plant. Whilc 
technology for handling these wuta and admtnirtratiw 
decisions pursuant were being developed, drum of the 
liquids were stored in a field beg~nrung in 1958. Initul 
plans called for transporting the drums to the waste 
treatment facility for pocesrmg u soon 1s necessary 
equipment was insulled. Rust-retardant had been added 
io the drums. however, in 1964 it wu detrrmed that it 
would be necessary to transfer the ’- . rerial to new drum 
at the storage site. A mall buildinq for filtcnng and 
transferring the liquids was erected in 1966 and, in 1967. 
the drum removal  be&^^. The last plutoniumcontalning 
drum was transferred in January, 1968. and dl drum had 
been removed by June. 1968. Monitoring of the storage 
area in July noted leveb of from 2x10’ to 
3 x 10’ dirnlg dpha activity and penetration of the rctiv- 
lty from 1 to 8 m. Fill was applied the following yeu to 
heip contain the actinty and the actual uea on which 
barrels had been stored, a 395 by 370 -ft rectmgk, wu 
covered with an asphrlt pd completed m November, 
1969. Addmonal fill was added around the pad in 1970 
when soil samples r- from tens to hundreds of dlrnlg 
were obtarned. Sod rtrbihtion studies were started to be 
applied to the entire area, and a rengetation program wu 
begun. 

From material balance calcul.tionr it was estimated 
that about SO00 gal contuning 86 g of plutonium (5.4 Ci) 
had leaked. 

We moved one of our odte air vmpbn to the 
security fence just cut of the stor* ma m 1963 to 
monitor the uoa. Figure 13 is a comparison of the air 
sample data from this location with the ararrge of the 
other cruite p1r samples from 1963 through 1970. llese 
data art’ total, long-lived alpha, not plutonium concentra- 
tions. Even IO, the rnragc concantrations arc well below 
the guide for insoluble plutonium of 1 pCi/m’. Thrr 

sample station IS about lE mi from the nearest plant 
boundary (whtch u due east). Even thou& elevated air 
samples were obrrved there was no indication of the 
extent of offsite contmation occurring. 

Refecnmg to the arrows on the faure. from left to 
nght, the first refers to the point UL tunc when drums 
were first obwrved to be kakmg. the second to a period 
of hqh wvlb fobwmg whch hot spots were covered 
wth dirt The ntxt two demuk the tune of the drum 
removal operation. The mt pomt. about 113 pCi/m’, 
occurred at the time vegeuuon aver was removed and 
pd~y started preparatory to pomg the uphmlt pd. 
The pnulthte putt at the right mbcnter completion 
of the uphrlt pd. rad the lInrl amow indmtes addition 
of bru COW# rmfalrl uound the pd 

in wnmuy, Ihn. plutonium rckues to the en- 
nromnt attributable to Rocky flats un be broken 
Qwn u follow: 

1 ControlIedRekues 
krbomc efflucnu 41 mCi=O7g 
Lquid Effluents 91 mCi= 1.58 

2. Uncontrolled rckuer 
1957 Fm Wmumof 1 g 
1969 Fin 
Wid-transferred from 
drum storqe area 

Obnoruly tb mart dramatic enwonmcntal unpact 
hu been from the contammatad dirt transferred by hgh 
winds from the drum storge area. However, u-mphg 
data duectly downwmd uuhcates that apphcrble guides 
both for OCCU~~~IOMI exposurea omite and nonoccupa- 
tio~l guider offrrte have not been exceeded or approach- 
ed. 

0.21 mCi = 0.003 g 

300-2600 mci = 5-42 g 
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Fig. 13 

1 CONTROLLED 

AIRBORNE EFFLUENTS 0.mg 42 

LlOUlD EFFLUENTS 1.4 q 90 mCI 

8 ACCIDENTAL 

I957 FIRE me up to I g -OD6 Ci 

1969 FIRE 52mg --omO2Cl 

CONTAMINATED SOIL 
TRANSFERANCE -420 -2.6 Ci 
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Since the dircotnry of plutoahun contamhation 
extendin8 outtide the Dow chnrrlal Co. pLat at Rocky 
Flats,' there hrc ban a contugbu kwma in d mql- 

of nuclear ptnt envlronmwPl markorby yarm to 
detect chronic low-level rob- of abbsuclklr. 'Ihr 
practice of rehting toul alpha or boa activity IIyIum- 
menu to the MPC'r hu bm mtClfwroy from a w- 
toly itandpoint but it &I not pc0W tho blornmtlon 
that it now bnmn&d. Ibc q- klry dud todry 
relate to how much radioactivity from a rpdtk nudldc ii 
ptting outside the nuciru @ant bowdmy. For tbr mort 
put, satisfactory u~lwa) brve not baa *a md phnt 
opraton have kcn forcod to mmrt to cdl rrlaplhg Ln 
order to flnd out, u a flnt n~, ha mu& dbakity 
hm accumulated in the onbomnmt from opontknr to 
date. 

If adquie rir mdto~ md ndbakm#y Mm 
arrled out routlnsIy, dl Mpynl rbuld wy ody a 
supplcmnuy rok in a moaitomrfng proqrm. soil ir pri- 
mnrfty wful u an inteprtor of Lnttlsy &-borne long- 
lived radionuclides that haw depo&td on tbe pund. 
Soil runpUng for this purpac is not new to HASL since 
we hvc urd th~i merhod periodic& dnce 1955 to 

h& nib hu COm about pm bra*r Of tho f.Pun 



k for roil Vmplinl in a lordly contaminated ana. 
HAS1 &mastraced th~t the Rocky Rats plutonium 
could be inventoried by ow mthods.' We *re able to 
dcscrik the maurninrtion pattern u well urd showed 
thrt it cxwndod but 8 milea wt md south aut of he 
plurt. We ee no mason why our roll vmpling tocbniquei 
could not be rpplid to DUY loally conmn&~rtod arm 
pro* that the cmturdnrnt wu lalttgy mrdo airborn0 
in mlfrar rtu prrtidrr from tha WUIQ. 

W?unover we talk about &podtion of &&me 
drbrir the only mcurtndd vdurr uo 0- in units of 
activity or UIy)III¶ per untt un. sdl vmplinllhouldbc 
urrisd our in such L wry that the actual Rlriroc ue8 

urnpied b known. Thm tho ontin pmpk k wed in 
the rirdrkd mtc (0 that tho rcaivlty pr &I mt of 
sou m#lnd CUI k conmted to area coaorumuoa 

Out ympw md pnpurtkn proodum m won 
dacraalrd' but 8 bM brriprion ml bo hrlpful 
hen. We try to fbdflrt pwrdrlrrwhm we- t& at 
leut tm. 3)5*.dhm co1)( in a sm#t Uno, Ip.od about 
8 foot rprrt. After m, tho 011th vmpk k cnuhed 
md bbndd. Ibm, about 3b uc pamod a 
pulvedrln) mill. llh ir the nmpk from whwl diquou 
ut rrkon for uulydr. 

VwtU ~utbod~mcI&hSos 

ImMcit in the abors k tho lwrd to take 
the soti rrmpk doup en- so thrt di of tho rdbnudidc 
deposited b colkcted. We how ch.1 in timo any nudide 
iniurlly fdhg on the mrfm rrlll -to dowavud. Thr 
rtul extent of ramal penctntion W drpmd prbrrrily 
upon tht roil type, but many oh facton M involwd 
such u pndpiudon 8mouIIt. fkrdcd form of the nu- 
didc, etc. At Rally Flus M &dbd to mm down to 
20cm on the bair of our oxpiha wiL cl . It vu 
fortunate th~r we did kuuw w found chat tho Rocky 
nits ptutonium wn mrrmnbb to 13 an. Lut fa we 
took depth pmfiIe run* of tho rndy ad at 
Brookhrvm md dyd rbrn for %and % ta 
addition to %A. T.bk 1 oxpnrr OUT nu)tt in tow of 
tho perantap of the td llloullt bp#tted for orci! 

%r and '*pu were btoctd u 6r down u 25m 'The 
point we want to mrb he, hmr. m thrt only40to 
6096 of tbt totrl mCs, 'PSI, Urd + fromnwinctestr 
k in tbe top 7cm d mil. simibr dbtributiom protller 
were found for the Rocky he plutonium' If cme L 
interested in lwrruriw dl of the depoaud rrdlonudido, 
w would advise runpltng from the rurfrcc to 30 cm. 

inmnt. CI-137 WM r#rambk doWa to 21 ~m md 

TABU I 

VeRllCAL WTlllUmON OF FALLOUT 
RADIONUCtlDES IN BROOKHAYEN SOIL 

(FALL 1970) 

apth knt of Total 
iaaascll: 

I,.%, % (ca) 

0. 7 59 42 57 
7- 11 26 30 27 

11 - 15 11 IS 11 
1s -21 4 8 3 
21 - 25 0 2 1 
25 - 30 0 3 1 

=%I - - - 

rrmpllnl- md dldmat oftha %r amphag for 
HASL wbm In wu dth thr aprrmrnt of AQlculturc. 
we hve a cooibmb body of &u mpuing9rin 
rdlr at DIuby dta 2, 3.4 Y dawn in TlMe U. The 
am- diffmoa bm p&l oxpmd u a prceat Of 
the wu atcuktod for mch year. The 
drvktlau map from 3 to I(%. Wo find thow Qtr nry 

uwd to detonnla, the cumulrtiw fdout for a nthn luge 

We now bw some tnformrdon 011 comparative 
dtcc in thc NOW York ua for '% drpodtim. Table 111 
rbom tho nrvlts of 6 unpler taken in thrsc different 
locrtiom. 'T& rump % mt b 2.3mCi/kma with 
a rundud brLtlon d 13%. If it were not so difficult to 
find suitable dtr in the New York ma we would prob- 
r#y hm an rwn more pnche due to report. 

urN for CalVIadq Jupua tbrt roil runpiing can be 

MI. 

38 

LANL 
0013D422039 



Dee. 1969 Fordhrrn Univ. 0 - 20 2 .o 
JM. 1970 1) #I 0-20 2.2 
Jin. 1970 II 0-20 2.6 

July 1970 Bronx Boturifd 0 - 28 2.5 

Sept. 1970 0.60 2.1 

I1 

Sept. 1970 BroofpIven 0-30 2.6 

Avg. 2.3 i 13% 

. . . . . . ... . . 
1- I 

1) u 
- 

14 Y 

8 

u 

,... -..- .... 
IY 

AmAAuL 

81 11 

.I Y 

*I 

0. 

LI U 

I 11 

I 

* 

TABLE N 

MEAN PERCENT beVlATION BETWEEN 
WK~CATE sui ALIQUOTS 

1956 
1957 
1958 
1959 
1960 
1963 

I970 
I970 

1965.1967 

Aiiq. wt. 

(r) 

500 
,I 

I1 

I1 

250 
?I 

If 

too 
100 

No. of 

e 
52 
55 
102 
27 
50 
41 
87 
I2 
9 

Rrirtion 

(%I 

I1 
8 
6 
6 
9 
6 
7 
5 

20 
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Sunpk Size 

When we first started soil sampling about 1S years 
ago. we took 20. 3H-in:diam cores to IS crn depth. As 
time passed and we had to go deeper to get all the Tr, 
we cut down io 10 cores to minimize the physical exet- 
tion of carrying these large samples. 'he 1Ocon vmple 
represents 622 crn' of surface area. To test the relability 
of sampling 10 cores. Alexander collected duplicate sun- 
pier at about IO sites thtoyhout the world. Tht average 
deviation turned out to be 8%' which conmced us that 
10 core samples were adequate. At Rocky Flat8 we col- 
lected duplicate soils at 2 dter as shown in Table V. 'Ihe 
rocky terrain made sampling difficult m some areas and 
under the non-ideal conditions we were satisfkd with 
the agreemnt between duplicate samplings. 

TABLE VI 

Anrlytial Accwrcy 

There is no such Mynrl u a primary rundud roil 
sample for artificial radioactivity. In the Erst place, no 
two roil $ampler ore alike and in the aecond place, there is 
no way to add a ndionuflidc to a unpk Y) that it 
represents the chemical and physical form of the ehnt 
as it exists in the red world. Than ic sud a thing as a 
secondary standard soil umplc. lhir could be repmmnted 
by a large quantity of soil whih hu been dried, blended, 
and pulverized and diquats of which have been analyzed 
on an inter- and intrahboratory blris. We haw ruch a 
referena roil which we are now using for our plutonium 
fallout study. Table VI shows the aratlabk nrults. Ihe 
average value of 0.042 dpm/g is bawd on 13 results from 
three laboratories using 100 and 100s aUqwu. The 
average deviation is only 5% and n cm see no s@ifhnt 
difference among laboratories or Wuot sk. Tlur will 
become a more legitimate sundud u tinw goes on and 
other labontones report their data. One day it my ew 
become a standard in the true Senr of the word. 

Site 

6 

- 

7 

TABLE V 

DUPWCAT'E SOlL SAMPLING IN THE 
ROCKY FLATS AREA 

1 0-20 490 69 
2 0 - 20 44064 

F"ONlUM IN REFERENCE SOIL* 

nm IO00 0.043 
I! lo00 0.042 
,I Io00 0.042 
, 100 0.04 1 

PA 
,, 
,, 
,, 
,, 
,, 
I, 

,, 

100 
100 
100 

IO00 
100 
100 
100 

lo00 

0.049 
0.042 
0.042 
0.044 
0.041 
0.041 
0.042 
0.042 

TLW IO00 0.00 1 
, loo0 0.042 

Avp. 0.042 f 0.002 (5%) 

.Cdlrctcd at Brookhaven m Octokr 1970 and tonmu of 100, 
3%u1.dmrn cores to 2 m. 

A red blank is a sail mple that is not contamin- 
ated with the ndonuclidm of interest. We inherited from 
Dr. AJexlndcr a Lw quantity of roil collected in 1943. It 
has rmd as a bhk through dl of ow 'Osr propamr and 
now for our pIutdum work. Tbe 'L"P0 rturlu arc giwn 
in Table W. We conclub from baa data that conurnin- 
rtion by hborrtMy handing, mpnu. and other possible 
sources undcr cmfully controlled conditions. is not meas- 
urable. 

Fmlly we would hke to bnefly ducw the radio- 
chemcd ptoadurt. It wu dcvelopcd by Norton Chu at 

HASL to ~conrmOdlu IO0 g rlquou of t& Rocky Flats 
dr. It mvdm kschin( mth 3 puts mmc aad and I 

ckangc cdum md &ully ekctro-dtporrtcd on a plati- 
num duc The procedure works for lOOO8 aliquou also. 
mth tome rmnm rnodiflawnr. We hm rlrudy demon- 
strated that the rad krch qumtttrtiwly mover Rocky 
Rptr plutmum from tal.' Fdout plutonium can also be 
acid leached u we sbartd m the same report. We now 

put Ha.' ne plutoafrm! fo rpurud on all Mlon ex- 
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TABLE Vll 

fiUlWIUM IN UANK SOIL 

lab 

HASL 

PA 

- 

TLW 

0.0003 210096 

0.00008 f 10046 
om f 1m 
o.oaoo5 f 10096 
O.ooOo3 f 1m 
O.ooOo3 f 1009b 
o.ooo02 f 1m 

o.ooo1 *loo96 
0.m2 2 100% 

Fllout b239 

Dr. Huky hu referrad to our pmmt rrudy to 
inventory the gbhl depalt of W-9A -. On dde 
benefit of this work wlll k a @ prctvn u to bow 
'*pu is distributed. The lbon lr accmwhtd 
depoait of % at dtec rrmpkd in &e Unttod Sbtm 

bPW 
Y= 

1969 
1958 
1967 
I970 
1970 
1 %9 
1969 
1970 
1970 

de the frll of 1970. Thm ue no surprj.us or ohour 
~ormlic~. W an abut the hlr one would expect 
from the weapons teat, conducted )o tu. The heaner 
pndpiution arms and the rmdlrtitudtr show the higher 
dcpadtr jwt u plrc find wlth %r. We how there are local 
ma of ooaurmnrtlm. such as at RocQ Flats. On a 
countrywide rule, homnr, if there ia any plutonium 
that hr, bscn or tr bang nkutd from a nuclenr facility, 
it bu not prmrkd the accumulated &pits from test- 

tug .n- to dmc: It. 

We hm ud roil aun- for the puQoW of 
dttcnaMry the raunuirtrd bpait of uUtirlly air-borne 
ndknudidm uch u "SI md piutoaium. Site npwm- 
tMty, &ph. mplc uln, and uuiytid pncuim and 
~funcy have km conrlbnd. 

WII M convinced on the bd of our quality control 
cxprimct to 6tc that the pncMoa of replicate aliquot- 
in( md arm&& L the drtcrminbu factor in the overall 
mor uoctted with rail nmplinu. 

1. ?. W. Wny Isd E. ?. Hdy. "Plutonium ia Soil Around the 
Rocky Fhu Plant:' HASt235, Augur 1.1970. 

2. L. 1. Akuoba. et rl.. "Suontum90 on the Eurh's Surface," 
mm. FIbnvn 1961. 

3. E. ?. Hudy, at rl.. %xwn(iurn90 on tkc Em's Surfrce 11." 
RpI7090. Nowmbn 1962. 

6. N. Y. Qu, "Rutodum Rrmisrtion in Sop by LeW)un$8nd 
Iwt-Eac- Slpndon," Ad. ch.m., 43. No. 3. PP. 
149452. Much 1971. 

New York 
Illinob 
New York 
lkoolrhWHl 
Roflty Rats 
New York 
New Yo& 
Rocky Flats 
Rocky fits 

5 -20 
0- 15 
0-20 
0.5 
0-20 
0-5 
0- 2% 
0-20 
0-20 

0.0044 
0.005 1 
0.017 
0.042 
0.060 
0.094 
0.21 
3.08 

17.5 

0.0092 
0.0047 
0.017 
0.042 
0.080 
0.09 I 
0.24 
3.18 

16.0 
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Inlrod.dkn 

The Technlcrl bwicer of the Western En- 
vironmental Rmeuch labamtory ha Wynd environ- 
mnul and Mow runplea for 8 numbti of plutonium 
studies. Among them WOW adyrr of a&, water, and soil 
sampler u urirunce to the SIlu of Cdondo in studies 
of the Rocky Flats ma; of air and r00 tMpks collected 
at Bikiai Icknd; md of air, water, 4, prrdpiutlon, md 
veptrtion sampler cohacd in the offdtc uw surround- 
ing the Nmdr Test Site. ruth- thr && of sa 

Mution md concantratton opnuons. ion exchange 
rpenuon, ebctrodrpodaon, dphr spectrometry. and 
computer compuutlcm of nrulu. Mk from the connd- 
entions of rcuncy and uonomy, the wlecuon and 
denbpmmt of techniqur hu tmn to pmnde a ude 

pkr. Som of the tsduliwi haw been repor:ed pre- 
n~Urfy’*~ and m premted balm as mrnmries. Tech- 
mquer that differ from thew are presented in detal. 

for dl typ of m*iro-trl md bldwcll urn- 

water is a roadinam plopun for *ti in- mcoa~ 
volrlnl plutoniumcontsinbq hkm, the labontory hu 
provided mrlyu, following one sad! inddmt. 

the following opentlons, whfcb an bs prformed mde- 
pendently sample control, PrrUulyrL pepamtion, 

The mpk ts uwed 8 wrld number and J1 per- 
Ihem~dulprocarr~dtounpkrconnrtrof merit lnfonnrbon U coded on UI IBM cud wiuch 

accompuurc the nntpk to the apptopnate hbO18tOQ‘ 
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Ralulysis Prrpation 

At present. two types of enwonmental samples 
receive processing independent of the plutoruum labora- 
tory Vegeution samples arc ienited UI iarge muffle fur. 
nicer and the pulverized ish is submitted for uufynr !?oil 
samples are air-dned and sieved with a IO.merh P~H Any 
fmbk material and loose aggregates of mil UI the oversize 
fraction are crushed in a mortar and pwcd through the 
SKVC. Sticks and gravel retained by the mew are ducarded. 
A 30- to 40ml aliquot of the IO.merh fracuon, obuured 
by repeated mung and splittins in a nffle, u submitted 
for andyus in a four-ounce, wide-moutb pr. Whcn rod 
and sebment samples haw an unusurlly opc 
content, it is more convenient to dry and qmte the 
sample before an aliquot IS taken PrcrnPlym preparations 
performed in the andytrcd laboratory are dufurvd UI 

conjunction with sample dissolution and mcentrauon 
techntques. 

blution and Coaanmdon opglllon 

All samples arc prepared for the ion exchange rpu- 
ation of plutonium by methods which. in effect, pronde 
for total dissolution of the sample. Ihc pnpmtion u 
amplified by the UK of the 6M sztouopic concentration 
of hydrochloric acid as the final mivent. 

Sod. The aliquot of 10.merh mil is dried UI an own 
overnight at 110°C and ground to a fine powdm in a 
centrifugal ball nul!. It is then returned to the runpic jar 
and mixed by rotating the pr medimidly endoveread. 

A one-gam aiiquot is ignited in a porcrhm crucible. 
transferred to a 1OO-ml disposabk POtypropyLnc beaker. 
and splked Nth 'ypu. A mixture of hydrofluoric and 
nitric acids is added rind evaporated to dryness on a steam 
bath with a specdy-bdt top of ll4-in. pdyethyiene. 
The top has 24 holes which allow the Wen to sit with 
two-thuds of their depth into the bath. The evaporation b 
repeated with a smaller volume of hydrofluoric and nitric 
xi& to ensure complete decompodtbn of &e soil and 
volatiliution of fluodiac acid. Nitrate and fluoride are 
removed from the residue by enpondrig ~cassive vol- 
umes of hydrochloric acid to dryner, in the beaker. 7be 
residue is then dissolved in a hydrocfibric acid contain- 
ing a few drops of hydrogen peroxide. The peroxide 
reduces any hexavalent plutonium which nQht haw been 
produced during the decomposition proocs. 

Vmtion llrh and Air War. Veptation uh and 
air frlters arc decomposed, splked with % md prepared 
as 6M hydrochloric acid solutions in tbt suns manner as 
sooil. One g of vtptauon uh is wdbed directly into a 
wed polypropykne beaker. Glou-fiber Nten M folded 
into a wad, ignited in cupped stainless fieel plradrcts. and 
transferred to the beaker. If the wctghf of the Filter 
exceeds 1 g. a section is cut from the filter for analyns. 

Composites are made by cutting circler from each filter to 
represent a known fraction of the filtering area. Filters 
composed of organic materials arc ignited in platmum 
bepnning rnh a cold fumace. Any amount of filttr 
mted CUI be handled provided that the total ash weight 
docs not exceed 1 g. 

WIta md math. Sca water and dine water 
samples arc acidified with hydrochloric acid. 
Plutonium-236, iron arrier. and hydrogen peroxide arc 
added and the urnpk is heated to decompose the per- 
oxide. The iron acts u a catalyst to &compose organic 
nrttcr while the vdonce equilibrium in the presence of 
hydrogn proxide scms to interchange the internal 
sundord with the ennronmend plutonium. The pluto- 
nium is carried on a ferric hydroxide precipitate which is 
ndirtotved to pve a a hydrochloric acid solution. Any 
insolubk residue is rprnted and then solubilized by an 
abbreviated nrsion of the rail method. 

Plutonium in frdr water and precipitation samples 
cnn OLO k concmtrated by copmipution on ferric 
hydroxide. lhis u ccmlrnirnt if the sample hu been 
Ntered to dstmninr tIu soluble piutonium separately 
from that uwcutd with the suspended solids. For total 
plutonium In unnltcrod mmpl~. the sample IS evaporated 
to drynrr~, wtuhrd with nitric acid and hydrogen per. 
oxide, and that portim of the rsddue which is insoluble 
in 6M hydrocNorfc add b dubbed by the abbreviated 
soil method. 

Appnm. llw ion rxchrngD qupmnt consists of 
a bank of 24 dumm m a hood spocirllydetlgncd to 
wry off the acid fumes. Ths unlu are commercially 

item IS modifled by adding a waled-in, coarse @as frit 
The columr conutn a 2omI dume of amontc resin 
capped with a layer of fine dbca sand The sand enables 
mgenu to k added without prtlcular care and, brcauusc 
the capillanty of the mnd acts as vdvs to stop the flow, 
the operator n free to spend tune on other phrres of the 
arulyur. 

cohuu Opmd#. The a sample solution is ad- 
justed to 9& by a&i4 an qurl volume of concentrated 
hydrdonc acid. Hydrqm peroxide u addcd to stuft 
the equlibnum in favor of the quadrivalent state. The 
solutlon u filtered into tbc mwvoir through a plug of 
@SI wool m rhe stom of a dirparble funnel. The filtra- 
tmn rernov81 Mwn dJodde which preclpiutes from 
glass Akr fdwr aunpler md rodlum chlondo wbch ma- 
siorully pnaptata from cnporrted water samples. After 

adsabed uon and umum uc selectively eluted with 
rutric aad. Ihe mtnc rad eluate can be reserved for the 
detemauon of ')fe and uMIum. 

anPablt rad COWC of 14.5*~-1.d. tubs hrm mttpal 
W~OWS md ~topcockr with Tenon T~C cpta)og 

pwaor of the mple rdutioa throuph the rem. co. 
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Thc plutonium u eluted with a 1.2M hy&ochloric 
acid-0.6% hydr%en peroxide nyent. The peroxide in 
dilute acid 3ufu the equilibrium in favor of the trivrknt 
state and hu another advantage in that no nonvolatile 
impurities are introduced. A 0.Sd volume of conan- 
mted sulfuric acid is added to the eluate, which b then 
evaporated overn@t on a low-temperature hot plate. No 

min. When the umple lord is light. low4evel samples art 
counted for 1400 min. The detection limit for ’% with 
100(1 to 14oChr~n. counts is 10 fCi at two standard 
deviations. me detection hit of qu w 20 fCi because 
of the Wer bacQound. 

fuming of the sulfunc acid or wet.a$ung is required. computcr COmpotrHan 

Fkehoatpoiriail 

Appnnr. lhe dirposrbk electrodeposition olls 
are constructed from linw.polyethyltnc liquid scintilla- 
tion Ws and hold a 3jS.h. Ninka steel planchet. The 
crli supports and cathode coatacu ue 1/8in. potenttom- 
eter shaft loch attached to mchlned Lucite but# wlth 
non-insulating banana-plug kclo. Twelve ekctro- 
deposition units are operated in purlkl from a single 
power supply. A stone battery autormttcally supplies 
current in case of a power failure. 

EktmpolirNU. The pkacbcu ut polished to a 
rnirror finuh while mounted in the cab urtna e rewned 
cument of 1.2 A for six minuter. Ths ekcuopolutung 
ekctrolyte is an adaptation of a fornula containing phos- 
phoric and sulfuric acids hch ir used industrially for 
polishing stainlesa cteel. 

Ekchdrpooitioll. The rulfuric acid solution of 
plutonium is diluted and neutralized to give a tkJ 
mmoniumsulfate electrolyte having a pH of 2.0 to 23. 
The deposition is essentially quantitative m 60 minuter of 
elcctrolysu at 1 .Z A. 

dPb Secctromty 

Appnrrrr The counmg syrlsm hrr wt &on 
surface-bmer detecton. Two detectors m mounud ~IL 

each of four vacuum dumben. r& biu vdtyo for erch 
pair of detectors ue provided by dud powr sulpplics. 
Each detector of the pun hr iu own pnmplifircr, linar 
amplifier, and kurd amplifier but the pain of signdr are 
brought tnto dud mput 4C&Amnd uulyten opentlng 
m the multlplex mode. Tbe data from &e four urdyzcn 
feed mto a un& &@tal printer throw mlenmdopnted 
banks of switcher. 

Spectrometry. The energy nnv L 3.5 to 6.0McV 
in 200 channels wtuch coven most of the alpha emitters 
of interest. The plutoluum peaks appear in the vcond 
I00 channels of the 2oochmd tpcctrua Thr raolution 
is three channels at 12.5 Lev/& or 37.5 Lev full width at 

half mvornum and the mean counting efficiency is 22% 
The counts in 16 chvlnelr ue summed for each of the 
plutonium isotopes. 

Low-level samples arc counted onm?ght for 
loo0 mn and higher level mpkr dunng the day for 400 

The runpie data, sample and blank counts. and 
cahbrahon data are cobd for the computer. The com- 

er u propuMled to dvc a printed report of % and 
%u sctivity pr mpie unit, &position in soil per 
rquuc kilometer, two rilpna error terns. md the percent. 
age yield of %. 7hc yield sews u a quality control 
over the simple preparation. ion cxchmge. and electro- 
deposition techniques. The yields aft pnenlly over 90% 
and avenge W%. 

Coaduiom 

Techniqw Lve ken seiected to improve the ace 
curacy and economy of the uulytid procea. Total dw 
solution rmthob insure tht rll of the plutonium IS 

exchm@Ae. Lowcat. dirparble equipment minimizes 
cros-conmnimtion md elimhtu the need lor mvolnd 
dwontrmiartion procedures. ElectropdWvlg of the dis- 
ponMe st.inlers steel phncheu mulu in a rrupdorrsly 
clean and bd&t surface at low mt, The ion exchange 
md electrodcporition method, gin hi& chemical yields 
and eucndrlly w&tleu wnple sources whch contrib- 
ute to counttng precision. 

The decomporition.diwolution procedure for soil. 
w filters, and vegetation ash quirea less ttun two man- 
mnutes of attention per sample md un be scaled up to 
hmdk 2.5 ot 4g of &e at little rdditionnl cost by 
using corre8$ondindy krpr dlrpovble beakers. When 
samples kqor than thew ue requtred in order to integrate 
a non-uniform distribution of plutonlwn, an aliquot can 
be uken for additional procerriry after the sample has 
been decompoad lufficiently to intercbnv the internal 
sundrrd with the enrimmento1 plutonium. Sea water 
samples up to 10 Uters in volume can be analyzed without 
modification of the buic procedures. Reference 1 con- 
ani a procedure for the rnrlydr of 1b samples of coral 
limertone soil. The rndtivity ir adequate to detect back- 
ground lcnls duc to worldndc contamination from nu- 
ckar lertlng in 18 of rurface soil or in an rir filter 
representing 500cm’ of air. One-liter umplel are ade- 
quate for the dctenninrtion of plutonium in potable 
water. 

kame the apmtio~, other than sample pnpara- 
tion, are identical for dl types of environmental and 
biological samples. technicians can conduct 9 phrvs of 
the analytical process after a short training period; and, 
becaw the operatiom can be conducted independently, 
peak sample lor& an be handled by temporary assign- 
ment of pnonnel but do not require a corresponding 
increase in space and qrupment. 
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IntroducPion 

There are a number of poblrmr ruocutad with the 
analysis of plutonium lcotopu m rod runplrs. These 
problem can be attributed to one or both of the follow- 
mg conditlonr 

The plutonnun my be of a refractory nature md 
not easily separated from the rod mtm. 

ne mode of dutnbution Of rhc phJt0niUm could 
have produced erratic and nonuniform dhpruon of the 
radionuchde m the soil 

A number of fuuoo poced~r, hrvt been dtvcl- 
oped to mute dluolution of refractory components. m- 
cludjng plutoruum, from ml sunpkr. Thm methods, 
however. are hted to md mpk UPI) of 10 g or leu. 

Analyru of rmri110il umpkc by fuuon can result in 

misleading data dependent upon the degree of 

mnurufonnity of tbc plutonium at the umpling site. To 
Ontcome thlr diNlculty. larger SOU samples have been 
Itrched with Vvbw rdd mfxturtr. 

Thir pper de a fusion procedure usrd at this 
Laboratory for plutonium mrlyti, in soil rrrnples. Results 
of the procedure uc compud with various acid leach 
procedures performed on identiul roil samples. 

EXpaiUl-Ul 

Flrlorr d SOQ. Mid expnmmts wry the rea- 
gnu potaurum cubo~t~, sodium carbonate, sodium 
tnrrborrte deahydnte, buium sulfate, potarnum hy- 
droude md others rn VUU)IU combinations were not 

successful m this Laboratory. The reagents showing the 
most pro- were those uwd by Sill' for "Opb analysis 
of rod. Vuiatioru of these rapntr yrelded L fused sample 
that was completely soluble rn 6N_HCI. 'Ihe procedure IS 

8s follows 
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I. Add 50 of dried, sieved, and muffled (SSO'C) 
wil IO a tcflon beaker. Add 'ypu tracer. 

2. Add 35 ml of 28N HF ad evaporate to dryness 
at low heat. Repeat three more times IO voktbe the 
ulica. Finally, add 15 rnl of 1 ?N_ HC1 and evaporate. 

3. Transfer rhe powdery rdue to a 56ml plat- 
mum crucible with the ad of a policenun. 

4. Add 4g of KF. PlrH I plat~~um top on thc 
crucible and fuse over a mtker burner for 30~. Add 
7.5 g of K2 S, 0, and fuse for an ad&tiorul30 nun. 

5. Cool the cnunble in an ice bath. add 15 ml of 
125 HCI and evaporate. Add 30 ml of water, hrrt md 
transfer to a beaker. 

6. Rime the crucible with a portion of 200 ml of 
65 H7 SO, added to tlm beaker. Enporate put the white 
SO,' fumes 10 remove all tram of F'. 

Mfiatioa with TIOA. The liquid ion exchanger 
tri-irooctylunine (TIOA) reported previously' was wed 
to wparate the plutonrurn imtopr from aicium and 
other trw elements in roil IS wcU u naturd unmurn. 
The procedure is as follows: 

I. After removal of fluorides, dklvc the ruidue 
in 6N_ HCl with heat. Use the toul volumt of 400 ml 
6NHC1, including rinse, to trader the solution to a 
sepvatory funnel. Add 10 drops 01 50% HIOy to rdjurt 
the RJ to vPIencc (IV). 

2. Add 25 ml of 10% TlOA-xyhe and shake brief. 
ly. Invert the funnel and relerv the prerrurc. Shake the 
solution, for one m. 

3. Drpin and divard tbc aqutour solution. Rrme 
the arlpnic layer with 25 ml of 6N HCI and dircud the 
rirw solution. 

4. Stnp the Pu from TK)A math two 2Sd volumr 
of 4NHClG.OSN_HF, Wuq for two mLn uch Itnp. 
(Uraruum my thcn k stnpped from thm TIOA wlth 
0.1N HCI and analyzed rrpruely.) 

solutioru and evaporate to dryaerr. Furt&r wet uh the 
reuduc with 5 mi of 12N HCI plus S ml of HClO,. 

aptrted with a traca axmuat oi hF3' utd Rhmd onto 
alher a plyarbonate filter membrane (NucLpre) or a 
mlwrt mmbranc (MilLporc). Ihr automtic bw- 
luckpound alpha rpctrometcr wu described penow 
ly! The procedure w a5 follows: 

5. Add 10d Of 168 HNO, to thr c~mbinrd drip 

copapit8tioa d Com-Jq. Plutonium b cop 

1. Diuolw the wet-nrhcd resdue WI 10 ml of 
HCI. hcamg to about 60°C. 

2. Cool the dution to room temperature and add 
1 drop of SOW Hy 0, to adlust Pu to valence (IV). 

3. Add 0.1 rq of lanthanum (lanthanum nitrate 

dimolved UI 15 HCl) and 2 ml of 35 HF and allow the 
precipitate to form for 30 m. 

4. Filter in a Millipore apparatus onto a 2Smm 
0.2 g mcrnbrane. Wuh the beaker with water then wlth 
rlcahOl. 

5. Mount the Nter mmbrnne on double-faced ad- 
Mvc tape attachrd to a Wmm plmchtt. 

6. Count the sample for IoOOmin in the alpha 
spectrometer. 

7. CJculrtc the qwntity of plutonium isotopes 
and correct for the rrmwry of the known % added 
initially. 

E-&& A roil sample was spiked 
vith, %. ThC omplc UBI dri.d. mufnd, &d thoroqh- 
ly mixd urd dpd by the hrdon procedure. 

hpUcate hching uprimmtr were conducted 
with six olutjoru. On- Pmples of soil were bated to 
bodiq with lWnl roluaa of leach solution and then 
.uOwod to *t for one h lhsy were thcn filtered and 
tbe fdtar wutud wiih hot water until the total volume 
for each pmpk wu 20 ml. Onc-ml iliquoti were analyzed 
by liqrud dntilLtion count@. Rewltr are shown u1 

Table 1. Note that tht HCI lerchor were more complete. 
Subsequent teats on I vuicty of soils, including those 
matlonod m the next uction, showed that HF is often 
required for complete laaching. 

Slmple 3 

Water 0 0 

12rj HCI 1520 1600 
4_N HCI 1520 1600 

1N HF 0 0 
28_N HF 80 220 
4_N HCL- -1_N HF 140 'I20 
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RIRlftrudDbcIII/o 

Fgure 1 rhowr tbe dpbr rputrqnm obtund by 
rnalynt of a rod throw the funon poadure udng the 

lycubonatc mrmbrw. Note tb, pod raolution of k, %. and %, which allows the qurrititatlve 
dctcrrruuation Of the wtopel. 

?&le il Shows good pr~m ud BCnrtaCy Of mrl- 
ysls of fivt lnterLboratory mih by the fuuon method. 
Although the fuuon rmtbd md wblcqmt chemical 
separation u described for 5 j umph of mils, It hr been 
employed for differont qruntltiw of roil. The fusion of 
more than IO t of wDJ awn unprrctiul with tlw pro. 
cedurc 

AnJyus of 20 enviommantd rob from Mont- 
mery, Alabama ud Cape Kennedy, Ronda. resulted in kl recovery of 75 2 6%. Thae 5% samples assayed 

between leis than sensitivity (.03 dpm) to 
0.08 dpmlg %I. 

One concern m mrlytlc of roil L the dutnbution of 
plutontum panick, rad, thrrfore, tho proper techrugum 
for lomplvy and the opumun amount of nmpk required 
for representrtin mrlyur. To mmtryte thme fictori, a 

50- 

40- 

236P, 
\ 

roil was oburned from a nwku pmtng plant whew 
"'Pu had ken dcpoutd m puuculrtc form by acndcnt 
rpproumrtely one yur before reccinng the soil The 
put~dcr hd bean corned wth approximtely 12 m of 
fresh wri dq th yeu prior to sampling. 

The soil nr Mod, muM at 550°C and thorough- 
ly mmd pnor to uulyru of 21 1.1 sampler by the fusion 
method The recovery of vu 81.6 i 8.3% with 
muumum and minimum recoveries of %%and 64% The 
% UI the roll vu 0.57 f .4Odpm/g. however, with 
mumum ad nunbum wry, of 1.72 md 0.25 dpmig 
7ke relative rtradud deviation was f 70% compared to 
only 8% for the Add tracer. 

Twcaty* batcb of the above boil weLe leached 
with a tow mhun of 200 d of mlution KI the manner 
dmcribd UI the Expnmcntrl Won. Ten-ml aliquots, 
npmtq 1 of rod, were uulyzcd by the TlOA 
exchrye procrbure. Rnultr arc sbwn m Table III Note 
that thae dyw rhow the HCI-HF leaches yeld "'Pu 
urryr wry daw to the mean of the 2 1 fuon ways 

Slmnvr 

I. A huion method is described which yields accur- 
ate plutonium results for small ornplts (1 10 10 8) of mil. 

2. ThC distribution of puticulrte plutonium de- 
posited acctdentdy on soil can vary almost tenfold from 
pun to gram. 

3. Anrlysis of a relatively luge portion of the par- 
ticulate roil dtrr acrd hchq results in less variation in 
raphate yulyrir tlun the analysis by fusion of I-g 

4. No h8ch experiments were prformed on actual 
atomic dabria plutonium; therefore. no claim u made that 
thc lu@y rdrrrtory plutonium In faout is soluble In the 
wiou koch solutions. 

allquots. 

C hannal Number 

Fy 1. 

--' 
The authors wish to exprerr their appreciation for 

the ttchd ushuncc of Min 1. Favor, Mrr. E. W. 
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tory expcrimnts. 
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.3 19 
.306 - 

Avo. .344 

- 2 

I Avg. 

3 - 

Avg. 

4 

Avg. 

5 

Avp. 

TABLE II 

RESULTS OF PLUTONIUM IN SOIL CROGS CHECKS 

15.80 
15.90 
15.60 

15.77 

- 

.03 I 

.032 

.030 

.03 1 

- 

2.43 
2.56 
2.31 

2.43 

16.98 
16.36 
15.69 

16.34 

OS? 
0.52 
0.45 

- 

- 

15.68 24.5 0.6 
.26 

,031 - 0 .o - 

- 2.24 - 8.5 

- 15.59 .- 4.8 

0 -49 
4.2 

Av~. 3.6 

- -. 
1 0.47 

50 

U9h krY (dparh) 
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0.22 0.22 
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USE OF PLlJTON4W2S TRACER AN0 CROPAOATJON OF ERROR 

Plutonrum.236 tracer h, baen wrd .Imod u11)wr- 
sally for several yeus to make ylrld conect~o~ m the 
determination of both % urd -. Uthoyh it u of 
great asltmce when wed proprly, my mrrtlptors 
haw apprrently considered tk rbility to correct for 
chermul uudequtues to be an dqurtc aibrtttute for 
pd chtmistry, enn when tL wid pa P bw u IO%. 
There are wnrd problem modatd with its UY, nom of 
whrch hive ewn been mentkaed In ray of the uticlea on 
the determiion of plutonium ao far eumincd. 

As huld be well known, thc rtrtirclul uncertainty 
m the deternurution of thc yield must be pwd on to the 
dctermuution of the nuclide bdng aw#n in the sample. 
Yet, few dysu wrn to Q1Iu(dc~, mt but m their 
publuhed works, the effect of quntity of tram used on 
the wnsitivlty ud accuracy of th dotmuation. A 
mdcly wd method of error popgtbn' rbon that the 
fractlod error in the due of tb nucfldr bdq Doqht IS 
equal to the square rOOt of the am of tbc quun of the 
fractional errors LO each of ch lndrpndrnt nnrbkr 
mvolved. If X, Y, and 2 ue cbc toul counti obtained m 
the cnerly mtenab for tb % twiq mwt, thc #pu 
recovered though the procedure, rd the in the 
standard from the same qurntlty of ti=, mpctively, g, 
E,, and t ue onm, of wnpk, countin# effldmcy used m 
the standuduation. and tune P minutes, rupeanely, 
and B,. By and 8, ue thc rrpcun brdtyound counts 

or other corrections for tk YITIC counting tim, then 

In ochcr words. the concentration of % m the sample 
u runply the ratio of net CouIIts of % to %.I re- 
conred multiplied by tk dpm/g of % added u tracer 
It should be noted spocffially that once the concentra- 
wn of %,I ured hu been deterwed, neither counting 
tune, count- efflctency. nor mots therein have any 
effect on the accuncy of the determuration rxcept as 
they affect thr urrfttiul errors resulting from total num- 
btr of counts obtained. EHmhtion of the effect of 
changer ID countw efficiency b prticulrrly important in 
routme work kcruw a Jlydflant source of uuccuracy IS 

the vrrutwn ut countig emcbncy that frequently results 
from uneven distribution of rctiwty u1 the clectro- 
deponted pttc rad vmWions in both distance and verti- 
d &wnt of the eountiq plate wtth tcspct to the 
&team. If 11 u urrwed $0 that 8, E, and t do not 

ficmtly to the mor. the absolute uncer- 
wntnbutr uty UI the %%I concmtratlon In dpmlg equals 
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where S, indicates thc uncertunty in X and 1s taken equrl 
to (Xt Bx)S. When the blanks or other correcttons are 
negllplble compared to the total integral, S, becomes 
eqd to X'h, and the fractional error function reduces to 

111 

XYZ 
-+-+- 

or the quare toot of the sum of the reciprocJ of each of 
the toul counts mvalvcd, which is simpler to wc. If the 
qwrlty of % &/or the countq tw uwd ID the 
uandardluuon u sufficiently luge, the mor function 
wnpWies to the fint two terms in either eqrutmn. If tbc 
quantity of 'YPU tracer used UI the runpk oad the yuld 
are both sufficiently hi& the total uncertainty an the 
detcrmuvtlon will be determined enttrely by the uncer- 
tunty in the %J count, u it rhould be 

With the td quantity of % tracer uud by 
my workers, the uncrnrrnty III the y&ld detcrrmnsuon 
becomes much eater tbm the uncmainty in the total 
count of the % from the run*. For exunpk, if a 
1- urn le contauuq 0.1 dpmlg were tnad mth 
3 dpm of bu with I yield of 50% and the fd pluto. 
mum fractlon were counted for IO3 mfn at 25% countmg 
efficiency on a clean detector. urd thc MJIH qurnaty of 
tracer were standardized under the same conditionr but 
anth a peld of 100%. the overdl frictiond error would be 

1 1 - t-t- 
1250 375 750 

or 0.069 The resulting uncemty of 13.8% at t& 95% 
confidence bvel is probably accepabk ut tho drttnrrmo. 
tion of thr low levels pmtly rsrultq from global 
fdlout However. tt IS undeurrbly Lrge for more precuc 
needs at h&r kvtb and is uMem8ury m my aae At 

the 95% confidtnce level, tht unartunty in the peld 
determuution &ne u 12.6% cornpnd to only 5.6% due 
to the uncenunty m ths % count &ne. Ibe uncer- 
tynty u1 the % count &ne wukl be furtbrr reduced 
IO 4% if the yteld wen abo inaturd to 1009b. As the 
conwnirruon of 5 rn tht umpk ham mr, the 
same Impreasion bacoum trU rcapubk but tbe owrdl 
unanomty UI the fd aiuwez u still determined by thc 
rtlauvely larger uncarutnty UI the yrcld detenntnrtlon 
rmultmg from IW of too Irttle tlacor. In fia, it should 
not be dtfficult to develop a produn whow recovery 
would be known more peclwly tb.rr 12.6% without a 
separate yield determution. In our expruocr, the pres. 
en1 procedure is reproducible to withur 5%. 

On the other had, d hrp qurntltrrt of % are 
rued to vnprove the rtatuuu of tb ykld detrrmuution, 
other problem we mtroducrd tht we even mru Y~IOUI 

when the % content u b. Plutmm2~ b~ two 
mu alpha rays at 5.769 rrd 5.722 MeV both of whch 
are &&her in energy th  tho^ of 4th Rpu or -. 
Although the three wtopor CUI br mlwd cay and 
completely with current uutrunuatuton, lomc of zhe 
dpha particles from the hyhers~w typu are scattereci 
contmuody yrd quite uformly throuh dl lower 

mergm to zero The quantity scattered 1s dependent not 
only on the prrtlculu count- chamber used and the 
quuruty of abwrk prwnt but also on the condition of 
the detector itself Tbe percentage scattered is relatively 
small but d the toul number of counts collected u1 the 
mun pak bccomei very we, the number scattered into 
the lower chmnul repncntr a sqnificant Increase over 
the nod background of a ckrn detector The con5e- 
quent decrcuc ICI both vrwtlnty and preculon for % 
yY)n bccomrr the om- mnrdrrauon and nukes the 
unpmuon UI the ylsld drtamvuuon of wcondrry im- 
port~~+~ Funhetmore, 'YRt deuyr to which decays 
m turn to ')m both of whch he between %I urd 
UCU, further cornpllutiq the rczolution and mcreulng 
the scatter. Even if frrrhly purtflsd, the 'ypu will regrow 
ita 71-yr drlybtm to abwt 0.5% of the acunty ~n 
6moathr, nraaUtlry reputed nfiuuon. However, 
tb -tat mw tr thrt 4 gmerdy contains 
bo& % and % in qwUth that are epuly detect- 
&be Whsn Iuge qurntjtiea of % and/or 10% countmg 
tlllys ue uwd. k with thr attcrd radutron, the result- 
uu hueua in backpound lxln kcoms tntolczrble 111 a 

adwe for the detambuhon of low bvch of "Vu and 
inthtmn*Lronmrat. 
The PPU pwcmtly m uw UI this hboratory, after 

K 
pUiritia, fmm "'U md ita dryhtnr, pves 0.04% of 
tht totJ % imcqrl pt chrnnel (12.5 keV) it lower 

mtM1RItm Y 0.01% of the total uttsgral m the 
%I lptw (10 cbmnsh), and 0.7% In the %J mtqral 
(16 &k). If a mmbmtbn of % xtlnty, counting 
tins, rad counm rllldro~y arc cholcn w thnr io', 10' 
or 10' total mullti are obtund on both sundud and 
umple. tho rtrthtlcrl uncrrtunty at the 95% confidence 
hl on tbr ymld dotrmmrbon done wffl be 9,t.S. and 
0.946, rwpetrnly. if w dcfinc the detection bit u 
bahg the nct count rbrt ir qud to twice IU own standard 
drrlrtbn ad take 3 prLr rn the puuculol tntqrll as a 
md druction hi1 on a dwr detector, the tncxeued 
kctoound from tbm wrc thnr kvah of total % 
aunU would nirr 1& drtrctlon limit by about 1.7,2.7, 
and 7 Um$, rrputirely, fot i loCbunrtl integral due to 

only; by about Z3.3, and 9 tunes, rapcctlvcly. 
mtwrl; ud by hut 3 3.9, arid 26 tunes, 

li~ trur~rwd brJtqound hs a runh effect 111 
drmuuy the pIcrrion of the detcmmtton and the 

mty hc- dtkrr 1) the Vrnplc actinty de- 

qUrnw, 1. ComprOmbe h m, rad rhe qulntltj' of 
tram W rlrould k much ks for bw.kve1 umples than 
for OMS. ~CUW the mncmtrauon of the "% 
Ulcrr u rbr fuadunntal +rluc on which aU subqucnt 
ardyw depend, 118 detmnnstion should be carried out 
(L curlully ud accurately u ptuaiblc, wrng as Last as 
many toul counts II k obuined subsequently from 
the wt to k mrlyzsd. The sundubtion LS 

cornpierely seprrite from any rtud rrmpk analyses IO 

lwrw dw to 8CSttOI Ody. The Dttff plUr plUtONUm 

-t'% for the 
mprcthrly, for rhe 'J, Inrepal. 

u- or u tbr qwnuty of -Pu d lllcrc8Ses. conw- 



uc used for hqhesl prcclPon on higher icvels at artuch the 
increwd ScItter and contunrnrtion will be reiativel) m- 
agrufiunc. Tbr upper end of lht two bwcr fawn IS the 
kwl at wtuch the uncrrtmnty UI the %J wunt becomes 
qual to that UI the yield drtnmuution. M., the total 
munu of "'Pu and recovered are equal 

1. R. J. 0Unw1 rrd H. X. Cbk, "Rdiouotopc Technqws." 
Ydhr W. lurw YoR, N. Y.. 1960. p. 109. 
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Introd#ioo ordr to tncorpomr the FIDLER into a response ready 
poqun. kMlnd m(oomution vu necawy to cvaiu- 
UI iu rnrrrbiUty rad to Mrnttfy md remedy and 
drfldmckr m ita bq-cwrm rrWUty A prgam for 
routme crltbration rad mlutkn of the stability of the 
FlDLER. oovprcd nth fdd truning wcdonr for response 
pusomel, hr km chad out for 4 period of I4 months 
Enluroon of tb rulmtbl reliability of the instrument 
ku add UI the dmtlllutba ud correction of several 
probkm UT which DO& hrr Naderd the vdrdity of 
the FtLUR in 4 tlrld situation. Thr result of such a 
program of tntiq rad t- u to msure that the 
osaumrnudoa will be ~pnitio~l when needed. and to 
pmde chprough frmiUuiuhn vith the tqupmcnt for 
those urial It. 

fi- 

Ihr Rdir Set P/N400520 (Ebbcrline irutroment 
Co.) consists of three pmbu (a FlDLER notillition 
probe. a %2 dnclllruon pok, ud a SPA-3 scinulh- 
tion probe), a PRM-5 pulu-cate meter. and various ac‘ces- 
lory components, houud m an aiummum, tlex-hair-lrned 
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caxym% case. The PRM-5 u a battery operated rate meter 
mth pub-height aM&Ul crprbitty and suppber three 
switch-selectabk, mdepndently adjdlustabk hyh.woltw 
settings. A total of four lots were employed LII thu study 

For routine use in Broken how oprauolu, thc 
PRh4.5 IS set up to prondc mwrnurn rrrpoaw to pluto. 
mum and its daughters. Gnrdly, tb pubb*t rorl. 
yzrr IS operated with a 100% wudow mdth. The three, 
switch-sckctablc high volt8ges ue djusted I) dumbed rn 
Table [. 

Ibe long-term tat- of t& imtrlunnt rek.bW 
comu of performng m~uur~llynti of thc mpom of 
euh mstnunent to the 17 Lev ad 60 keV photoa of 
wlkn. SLaCc thew rcrponw ckckr ue lncorporrtd mto 
frmruIrlution ILIUO~~, two proadurn ue followrd. The 
first check wmuts of mwuriq thr raponw of both the 
FlDLER rod #).2 probes to 8 nomhrl 100nCI w'h 
source UI ccwrtut nth rh detrctor fa. ?bt EOUI)~) per 
mute arc tabuhtrd md urd to akrJIte nrnnty llyuu 
and standard dmruoar. fh ycond poturn of the tutu# 

procedure co1u1s of r ullbrulon of the point rad u11 
sonsrtmty of each pobr uq procrdunr dacnkd by 
T~MY' Each &tactor IS uupndad at a b@t of 
30.5 cm (12 in.) above a wrfm and tb rmpoau of the 
instrument to a 9.82 Ki pomt aowce ia muuad 
at 0. S, 15. up to 105 cm. hint rod uu mura undtm- 
ties are calculated accordiru to thr folkmmg qurtms: 

Net cpm 
SP (cpmlrti) = 

where 

These data ut ~KJ tabuhtod rod uaed to crlfutte a man 
and standard bvuum fa acb uuwmnt. Data for each 
won ye compued to rbr awry0 urd uwd to dettr- 
me thc wed for CO~CCCIYI am. 

?'A= I 

HlGH VOLTAGE SE1TMGS 

Switch 
Rnition 

HVL 
Hv2 
Hv3 

- hob 

FIDLER 
FIDLER 
FG2 

- 

Kemltr and Rrvuon 

The data accumuhtd over a period sxtrndmg from 
22 April I970 throuph 30 June 19'1 have been SUMmdC 

ued and are shown m Table 11 Mean and standard dcvia- 
aon vdm are rhown for putt source srntiuvrty fSp) 
uca mwce mutiwty (k). ud check source responrc 
These rdu &caw that over I lonptam pcnod. both 
the FIDLER ad 62 ut reproducrbie 10 with a 10 to 
15% range Ihu fonupdcnce u acheved w~rh a ntu- 
mum of ptwntirr mt~ce or attempts to c4ntmual. 
ly opmu thc wtunp of the mttrumntr h fact. a 
cornpuma of rndmdurl data with the aver*- lur 
prom to k of vrlw m brtecu mstrurnent deficiencies 
such Y mladpatd Iplh-volye utun)r. woriect win- 
dow wdthr. md mrlfunctwrw multrpbr phototubes. 

In addition to mn-houw numtaunce of thu equip- 
ment, we provide mas- to other kr force and 
Gorsllmaat qaan 00 rhr opaatron of the Rdiac kc 
Oar pNcuiu poblnn bu ulm rn obtuarq adequate 
raponw of tho FIpLeR probe to 17 kcV photons. Ad- 
JU~MI~~ of tbr volme u) utjtfac~only center the 
17 Lev pak hu baa rocountrrd. Though a cueful 
study of tbr corrrpondrau of h&h v01u)t qpbd to 

anta 1 P*)IP photopulr LO tho dw, we have deter. 
tbt tb I7 teV pak pout1011 for the FtDLER and 

thc rmximm output d thr pFu(.S UI both approxb 
mately thr sum (1370 V). Yha difficulty has been cor. 
rrct4d throw &iuwm to the power supply to 
allow a rmurnum output of 1600 V. Thu rncrelsed volt- 

ye allows a more ureful adjwtment of the 17 keV peak 
m the dyur dov. 

Aa oxhrrutiw popam for trrtnity of response 
personnel bu rlro born muruted. Thu trq CONUU 

of rnQu efforts to pro*lde reJlrtlc utuatiom and 
pnobc drproymat of thr qupment and personnel in 
ad of actual rpd/or uruaptai rad&pul hazards. Our 
m-bW fOOSbtI of I)CIK)N Wnductcd by a sUff 
of Wtk Phyucut.110 rcquunt prro~ol mth the theory 
of oplrtlon, crltbntlon md wt-up, md f@U use prob- 
lem of nyor pldfiunor to tho sudd utikration of 
the lut. FW exltQ# YI Jlo uubd to pondc pnc- 
t14 expnsacr uadr Vmulrtod pluaoluurn dutributtons 
Tb effocL) of ovuhfdm, rapom timr, otc.. ue demon- 
strated rrd COUP# rrth uutructlon m popr survey 
Uchaiqurr. la dbttlon, pwronael hw km deployed 
wlh tbr RdLc slu to d 10 tho rvrlurtron of extsung 
contMtartkn =IO. Tbr uomr hve dr, uded UI the 
Mth phyalcr uppon of ApUo rhotr. 'Ihtsc deploy- 
mu are conddm( of peat nlw in complemcntmg 
mkuw trulluy rad 1p prorldtnl continurl reevduatton 

that the Rduc Slt hu km found to be a very eruly 
depbyrbb tartrumrnt 

of qwpmat 8d tuhniqu#. It t)rpuld be polnted out 
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RESPONSE DATA 

Fonctioll 

FIOLER HV-I (9) 
FIDLER HV-2 (a) 
PG2 Hv3 (SI) 
FIDLER HV- I (Sp) 
FIDLER HV-2 (Sp) 
PG2 Hv-3 (Sp) 
FIDLER Chwk HV-L 
FIDLER Check HV-2 

PG-2 Ckk HV-3 

X = mean value 
u = one standard dation 

uait 1 

2906 212 
3328 542 

148 19 
5053 61 
4937 141 

606 85 
28.4K 6.0K 
33.3K 8.X 
9.7K 0.9K 

Unit 2 

- 
0 - X - 

2613 140 

3252 34.8 
I57 54 

7010 858 
7447 709 

574 89 
23.6K 5.3K 
29.2K 6.7K 
6.74K 2.SK 

Unit 3 

- 
0 - X - 

1786 170 

3195 188 
158 38 

$082 36 

5009 105 
620 144 

23.4K 4.2K 

27.8K 5.5K 
7.1K 2.5K 

3527 250 
2837 5?1 

263 . 88 
5645 766 

585 I ?19 

731 191 

23.X 5.OK 
26.OK 5.9K 

9.1K 4.OK 

LANL 
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SICARAllON AND AMALrtlS OF PLUTOUIIJM IN SOIL 

lnaoduetlon 

Radochemutry Group for the rarlypr of the under- 
ground deb- ruultiq from tk tmty of nucku drvlar 
at the New Tea Slte. promdurn for the quantitative 

d1-2.rthylhcxyl orthophorphoric dd (WeH?) have been 
developed. Rocrdures mvot*ln( coprrcipttuion rnth 
LF3 are not suitable when lu)r volurrwr of wlutiona of 
tugh ion= rtrmgth are to k mrlyud. Ibr punt work 
dwnba the rdrpauan of our sundud podrun for 
the dwlutioa of dirt urd tb 0xtnct)oa d phitoldum to 

In COMCCtim With thc mp8ibility Of thr LAsL 

analySIs of plutonrm tn mu utlltrb( rnMlon Into 

the WpratiOn Of lW.kvcl @UtOdUm from NffJCe Wh 

Expdmratd M~tbod 

When plutonium 1s to be determined in wib con- 
tpirung no detectable actinty with whch to follow the 

yiCkl of vulou, step LP the dhalution pocedure. quanti- 
tative recorny of fiutoruum IS insured by completely 
brolng the mil runplc by fuming wth KF, HNO, and 
WO,, foUomd by tmtmmt (nth NJOH and then HCi 
Ihc plutowum. in eith8f the (rv) or (VI)-orudatton state. 

M tbn be extract& mto HDEW in pheptmc from 
HNO, or HCI dutm of I wide rye of concentrations 
We h*c found 6u Hc1 mlutions to be convenient since 
thr extrlfitm codhAmu for uoa and  MY other mn. 
ufnuuntl rbr at thh molnty. However. stnce 
the extraction et for WN) in 6M HCI u about 
aa order of mqnitubr thur for PutVl), NINO, IS 
ddrd to u~um &at the plutonium u u\ the (IV) stare 
(Thu .Lo panda for exchrfqc if piutoruum tracer has 
been added.) 

thc plu~oruum IS recovered’ from the exrractanr by 
addtion of 2SditatuybutyUydioqutnone (DBHQ 
which reducta the plutocrrum to the (Ill) state 3rd strong 
ly complexes kt Tht Pu(ll1) my then be readllv removed 
from rhc orimc phrrc by extraction with dilute HCl A( 
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tb point, the bulk of the soil components have been 
removtd unce monodent and dinknt sprnes. such u 
sodium md Cllaum. and mort trivalent tpea wffl not 
have been extracted mto HDEHP under thcw conditiofu. 
Further, most of thr hrgkr oudrtion state rpcin (o&, 
urcoruum). whch hrw betn extrrctcd w9 not be back- 
extracted. lrrp amounts of iron, wtuch ulterfere wilh 
thc tubwquent piutomum UUIyru. CUI be ehrunatd by 
porformmg ttn uuwl extracum from 6M HCI and by 
wduq with fiy HCl as nqumd. 

l%e ftul rolutm contjnur the brck4xtrrcted 
plutonrum can not be conantrrtd md &ped by MY 
standard method.' Sina rh uuarl cdl dbolution u 
quantitative ond yields of 909b can bo acbhed thro~& 
the extrrcuon, thc tmrrunty of the mthod u htcd 
only by tbc amounts of coil dwolwd. the volunm of 
solution one wuhrr to hndlc st om tune, md the 
osountiq syrtem to be wd. Tho padun hu been 
apphed to runpicr coat- L( Uttk as I dmntqnuon 
pr mute of plutmwn rctinty. 

IE~rnu1~ 

-of soy srylr. An -5ogrunplc of 
the pulrcnucd mil u phcd in a Wbnbmkafud 50 ml 

rtimng wth I stunk rial rth4 rod until rll of tb 
dry powder u thoroqhly mt. 1OOml of concmtntod 
HClO, u added to ctw aiurry, ud ulr u fdlord by thr 
gradurl addiuon of loo ml of Eonaatr8t.d HF. Thr ddi. 
aon of W IS accompmbd by thr nk.w of *~lumtrrow 
qwntltla of m. Tbe mixture muIt be cwbd 111 I w8t.r 

bath and the HF &din d pntioar lo prwat the 
mlut10n from overflowtnt Ihe WOK. Ibr mfYwa 
rubrider apprecubly rha -75% of the HF ha been 
added. 

After addiuom of rhc HF, the Teflon beaker is 
heated on a hot plate (medium =tun(). to hnvy fwnr, of 
HClO.. me beaker u COOM UL a wstm kth. rad SO ml 
of HF la ddrd (If rhr b#lcrr n mt rufficimtly coobd. 
the HF WIII spttrr rrlbrr rblrntly rbra it h ad.) Thu 
W fume step la prfamrd tbm more amc, adding 
iiCl0. if nscessuy to prrmt tb mutwo from kcoq 
compktely dry. Ruiq rho fourtb furdq tb contmb of 
the beaker ut ulrrn hat to drynr. Tb bmka u 

boded. The contents of the baka M tdmod ID 

"IO ruprrnatr u pourrd ut0 8 mend Tok bakw md 
5Oml of Eonantrated W ami Sod of Eoosrpltrrtd 

HClO. M added. Ihc k&tr & tbn brud on 4 hot 
phto (mdiurn ut-). 7b ow krlur u d nth 
hot 44 %I. .od th wub u truIfnnd to thr cmtrif~c 
tubn COntWUy rmdue. 'Tho contmu of tb tuba ut 
rtured md ccntnfugd, md tin vrprnrtr M ddd to 

the second Mer. Each tubo contplunl rrdu u bdod 
ow a burner wth *2ml of 6uN.OH. Suffiaent 

Of fumiry KNO, u rddd. Tbr mut~ L dwnd by 

cooled md Iooml of rym b ddd. Tlw mLaW la 

*ml rhort.tqrr Vycor antNy, tuba rad anwed 

4y HCl IS added to acidify the mature The wlut 
qun boded and centrifuged wtule stili hot The supe e 

m each cw u added to the second Teflon beaker ne 
tmatmnt with NIOH and HCI IS repeated. and the super- 
nates 110 + added to the second beaker The residues 
m the tube are trdrrrod to the oq~nrl beaker with HCI 
and vsatrd wth four HF-HClO. fummgs. 

Tho contrnu of tho lrtond beaker ue heated to 
heavy fum of HCQ and cooled. Fifty ml of HF 1s 

ddrd to thr rolution wbch it thon fumed almost to 
bya# md q& awird. Ihm - 100ml of 6MHCI is 

a&d. Thr &tun b warmed, transferred to Vycor cen- 
vifup tubu rad cmtrifwed fhc supernares art poured 
into I polyrthylror bottle. Any remurung midue 13 re- 
prtrdty bd# with m WI. unvlfycd md the super. 
nata II ddd to thr polyorbykno bottk. Tbe HCl diswlu. 
aon tmtmnt u aontbrwd unul no nuble reduction in 
rha ummt of nadur is abwrvrd. 

Thr oonlata of tho or&&ml Mer are fumed al- 
mpst to m. md - 100 ml of 4& HCI is added. The 
mLxtu~ n bel# rad tnnrfrnd to the cmntnfuge tubes 
con- tbr &OW rddw from the stcod berkcr 
Ibr motmu of t& tuba UT rtined snd centrifuged 
A$&. tb -tu uo pourrd into he second beaker 
rad fumd Mo wttb W-HCIO,. Any precipitate UI the 
tubu u &oUd wtth N&H-HcI u &ratbed plenoully 
IUUJ tbc mxtw 00Wifqod. Tb supernates are added to 

tb ocod -11. Th, rl my rrrrdw remains in the 
cat- t~h, fw are repeated until 
rJIoH.HcI tnrtm~t #vas complrto aoluuon. The result- 
15 plum UI - to th croond beaker. The soionon 
111 rb mad krta u treatad with 50 mJ each of conctn- 
mod rd mO,, Urn to brvy fumes of HCIO., 
ad ardd. Ibo w) ml of concontrrtd HF is added and 
t)rc dution u furnrd .Imart to dryness. The residue IS 
dbhd UI HCI and the wrlution is added to the 

'Th fhul ohrtim trdr to ult out on stmdq for 
mrl daya. Hawmr, hram of the rotution just to 

balilq aw tb pmaptatd ults to rdmlve 

-. A WUbk plutonrum tracer. 
umdy %, L &&d to the sunple rolution for yield 
drtrmbrtma. Sufficlrnt lQj MO, ir dded to make 
tk~ l~lutioa Oyt LO thr mqmt. Tbe rtrultmg solution is 
brtd )ur to bdyll ul coobd to room temperature. A 
*ob of lym in @ptmc cquivrknt to one. 
&id tb8t d t& mmph is pro.rqullibrrtrd wth 6&j HCl 
wl did to tho ampb m a spurtory funnel. The 
&tun & for I min, md tho ormc (uppcr) and 
4wovr p&u am Sod to rrprrtt. The aqueous 
pbu Y m. tLw organic hya 0 washed five times 

url rokrav of alJ lU3 md thr washes dlrcarded 
Thr &? SOWOO h Won for I 10sec with one. 
third tu rolum, oTO.tY MHQ in 2~thyl.l-bxanol The 
plutolvwn rb rrcultrq muture u brck+xtracted by 
hkbq for 2 min with onc.hrlf volume of 6g HCI me 
phrrc uo rlld to vpnte for 5 nun and the orgvuc 

palyethylm bottle. 
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layer 1s discarded. The aqueous soluuon 11 ndwd ~1 

volum to 5 ml or leu by borluy md water IS added to 
make the solution 3H in HCI. with the fml volumc beurg 
no more than 10 d. 

The final plutmum rpration md drrrrrrnnrtlon 
are carrted out by a standard LF, copreaptauon fol- 
low4 by an mion exchsnge rem column tcchquc' 
mvolnng elution of the piutonium from the reun by 
reduction of Pu(IV) to tb (111) state with an HI-HCl 
mixture. 

Sampler of surface moll were cobctod from flre 
locations at the Mvuia Test !he. The umplrc wore taka 
from areas w&nch wen bobmad to contun little or no 
plutontum. About 500 g of dm (rmdtq rocks > 2 cm u1 
&am) vu obtmd from the 8urfrcr at mch runpltru 
point No mctinty could be detraod m ray of the umpler 
with an dph-nrmy meter. 

Two = 50 g poortlon, of MC~ Lrt rompk were dw 
solved. pvhg fhd eooccntrntlonr COnapndtn) u) - 100 mp of sou per mi of wlutlon. Thc plutoruum WY 

extracted by the described HDEHP poadun No dtffi- 
cultws were encountered, urd, m fact. cbe biJI din con. 
centration mms to ud thr phtw rrpuadon during the 
mitial extraction. A 50.d dtquot of aolutloa from each 
sample wu and@ nthout rddin( pktoniurn tray Y) 

that any uotoprs of pluton~um prunt ID the umpk 
could be detcrmed, and thm rppropnrtr choice of tracer 
made 

Becaw of the time (*:Oh) that is required :3 

&solve the sampks umg thts pocedure. if would not be 
practicrl to use it to derermmc plutonium in a large 
number of samples The procedure would. however. be 

wfuI to check I futrr bach-type of procedure for cum- 
pletmerr of plutowum recovery Thri is especially true if 

samples wth very low mounts of plutonium were being 

deternuned. 
Our pocdute could be shortened considerably if 

the smd mount of rurd-hke reudue temavling after one 
cornpkte cyck could be duwdcd. In the application of 
thu procedure to debw from nucleu devices, the large 
mount of ~UNTU actinty pronda a measurement of the 
cornpirtrwu of dtPolution, LnKtNe residues may be &sa 
cudd. Porribb future work m@ht lnvolve the use of 
tficers to determure the advisability of discarding such 
ruidwr. 

Refom8rrr 

1. ORNL Chmd Techd~#y Dwton. Annul Progels Report 
ORNL4272. May. 1968. 

2. I. Klnnm (ut.), Colkcud Rdiochrmiul hocdurer. Los 
Akmos hmttfk Woratory Report LA-1721, 3rd Ed. 
(1967). p. 91. 

LANL 
"I 

61 

00130422062 



LRNL 
00130422 063 



Early in 1970, Mound Labomtory bitfated I pro- 
gnm to drwkp UI impmvrd. rohtiwly rbnplr and nli- 
able 8nrlydcrl poadwr for h routine drurmlnrtbon of 
plutonium in roll. Prior to July 1970, 111 mil mmpk 
uulyrr hd ban parformed by drr Eavlromnraul Con- 
trol Analytical Group uinb an d.kreb mthd of dk 
sctolviq the plutonium from the mil. 8y July 1970, a 
rtriour debrte vu well under my in tbe rLncifk com- 
munity concerning the cffectiw- of the Inch metbod 

compued to I toul diaolurian of the roil JCCO~. 

plisbd by conventional furlon mecbdr. 
To evrluatc thac two metbods of plutonium 

diuol~tio~ from roil and achl8rc our own mmna that 
methob being urd at Mound labomtoy for routine 
plutonium soil adpi wen nWL, Ihc Analytical set- 
tion of Ihe Nucleu Opntiom Dqmmcnt performed 
uuh.wr on a rkct nwnbtr of mil mmpki by I fusion 

procedure. The four ro(t mpla md m thu study 
cowred a rrldc of % conantration. 1.e.. from 
0.04dWmh/# to 20 dwmlol~ of %. It u ~ific~t 
thrt then four md runplrr me -zed by two 
dally mdrpaht urrlytkrl hborrtone, The personnel. 
countq ryrtrm, md ILududr employed in the fuuon 
dtrennurtron won rP dizTamt from thov employed in 
the Inchmi method. lhe pwpu of thu report is to 

pmmt the multr of the adym of thaw four wmples. 
and to dmr rhr hd&rrd yIIllwnt ktwrn leaclung 
and fwn nnthoQ n th &torumation of % in soil. 

nu canpoaitr mal pmplr' I dnc4 In lulnk8l nee1 
puu on a hot pbu. 'Itn cote MIpkr IR placed In the 

puu m st& I rm~~t tbrt tJm -tion on the surface 
of the mdMdurl coma an b Awed by a propane torch 
After the wpution b cbrmd and the rod tgpresater arc 
broken up, the vnrplr b nrlxrd wall for complete drying 
Ihe rrrnplr, aze pound wlth a mar and pestle The 

r&b. those-not pumg a 2O.merh screen. 
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we rcmovtd from the mple The temaming nmpk u 
ground rnd screened throw a 35-mcrh screen. placed 
into a oncegal plutlc contamer, and wqhed Fifty-g 
lquots ore weighed and analyzed by one of the IWO acid 
leach methods Tens ahquots are uwd m the fumon 
anal yes. 

Acid Wh Metbod 

The flow dupm u1 F~gun 1 runmuriros the two 
acid leach procedures that hn boon urd at Mound 
kboratory On the left udo u tho on~nrl proadun by 
hch the kch rewluropanrd hue wore obtunrd. Tho 
procedure currently m w (n€orred to u the cumnt 
method) is shown on tho wt ado of Fyun I. 

In the otlpnd mothod, tho % trlicor u add4 to 
the sod and the vmpk u plrcrd rn a muillr fumrce at 

500°C for 30 nun to coftvert the % trrar to an ode 
nu vmpio u hrn krh.d by qotolv rb~clnl for 
~PprOXunrtCly I h Wlth looml Of conclntrmd NtnC 
aad and 1 ml of conanmud hydmfluonc acid at room 
temperature. After stmdq orm#bt, tho mlutmn n 
separated from the rdl and rdjurud to 4pl in nitric rctd 
The plutotuum u extracud into a lO!6 aUooctylmne 
CTIOAhxylcne aoluaon ucordbq to the mcnhod reported 
by F E Butler a The pktoruum u brk-rxmcted from 

mu&Lmw - 

A- +- 
I ram 1 

I 

Fq. 1 

the T10A-xylene solution wth dilute nitric acid LO~I~III- 

tng sulfur dioude ms solutron IS adjusted to IO> 111 

hydrochloric acid. porrcd through a chiorldc mon ti- 

chanpz column, and eluted wth 68 hydrochlrrrlc acid 
conumutg 3 024% hydrogen iodide according ro the 

method reported by L. C. Hcdy ' The eluted solution IS 

akm to dryncs u1 rutric acid, and an ammonium wl;3te 
ckctrolytlc plating kth u prepred according to the 
mcthod reported by I. A. Dupryk.' 

The currmt loach procodu:e closely follows the 
mothod nported by N. Y. Chu.' In ttus method 100 ml 
of I 3a-I, by rolumo. murturr of concentrated rutric to 

mum from ttu rail. the rmxture u heated wtule 
for 1 b at nmr boiling tomperature. The leach 

rduticm k rmovod ud a rcamd lnch u wried our LR 

the rrn ny. Both lac& rolutlmr and a wter nnse of 
the roJ ddw uc cornbind for further l~ly~r This 
lohrdon D ospntd t nur drynes to remove the b 

hydro3JMr wid md $futcd to 7.5& in NVIC acid 
Sodium altdu b thrp +d IO the solution to ensure a 
+4 olJdrrbn state for Qr plutonium before it ts passed 

a dmtr mion o*kmynp column.' The column is 

rind wlth -tntq hydrwhlonc rad as the fist 
mlun to -to tbe qtunl tbnum from the sample. 
Tho phuoeium ir tkn rlpd with a hydrochloric acid. 
conplnta) 0- hydrqm iddc. The eluted soiurion 
from the mtmu dum 18 rdjwtd to IO@ in hydro- 

Ehlork acid, prd - I CtJoridc uuon exchange 
co~unm u a [hJ ddataminrtion nep for MtUr3l 

thorhm, and CLuPy owod and electroplnted as m the 
orldml nmtbod. lhe tompirte deconumrution of 
nrtd ')la b rrrntkl for I * &termnation due to 
the cbwaar of tb ndnol %alpha energy (5 46 MeV) 
and tbo rmxlilYm ')ra 

In lllllllluy, the % in the leach procedure 
wrI r@umnmt of tb dWc acid leach mth the method 
nportd by Chu, md dbtution of the rutrate anion 
exfhqr c~luna for tb, TIOA lrquid extraction step 
Tho uapromnmt Irs#dIby tho cumnt luch procedure 
u tbrt aub u kh urd L.d that lnterlcre wtb 
tbctrodcpoatm YI mom camphtdy rpntcd by the 
nitrate an&n rxdml, Column. 'bs rrrults ui better 
roc- d ptutonium, +d reduces &de depouts duruig 
ekctr~d~pdcko to podira J much better alpha source 
for mom offath pub bi@ uulyns. Trrcer recoveries 
udng the -1 pocwn ware qute low and erratic 
46 t27%, whtlr the dnrica uuno the mdficd pro- 
cedure hvo ban 8awnUy much hgher, mmely 
82t 19% 

c~n~nPrUd hydfUChbnC aid u UWd to hch the Pluto- 

mrty (5.42 MeV) 
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Anhydrous Removal of 
.KF Fusion - Si 6 HF with : 

potudum fluoride followrd by i pyrolulfrrr fvdon to 
compkuly decompor thr roil. Th mMhd melt is 
dirrotved with i pourtum mrabiuYItr lolutlon md tho 
plutonium is wpt8ted from thr soohrtlon by copnciw 
don with bulurn sulfate. Thr barium dfitr b dlrotvrd 
in M duminum nitrrrr rohitlon ad me plutoaium ir 
extracted into Abquat 336 (cmnl UIPI. lnc., 
MinmipYt, M1-a) dU8W Wh. IntrrferLy 
mulr ut removed by buk rxmctkn bdon tho Pluto- 
nium b bck exvrcud wnh an oruliE ptchkdc acid 
mipjnn8 solution. Afmr rnporrtlon to dry~ and dis. 
sohttlon of the nrldue in i mlud oxahu&tido ebc- 
trolyte. tho plutonium h ebctdqodobd by the 
procodwe dmbped by IC. W hphl md D. 1. Obm:' 
The plutonium is fhdy drtormlnd by al#u pulrhdght 
Yulydr utiiizing a 4096 multihnnol mdyzar and 
300 rnm2 surfice barit? detector. 

i Second 
Fusion 

Tho % umr m the fwon proadun mdlcited 
la than 8046 rmuy of phrtONUm. Truer studsr md~- 
atod patai rhur 95% ncowry from the kuitul funon of 
thr lo& hu& tho copmcipltltion, the rotvent extrac- 
uon, md tho won for rkcuodeporltfon. Ekctro- 
bpwltloa officinckr. howmr, were frquently much 
ba than 95%. For thlr ramn % trim vu used in 111 
analyses of rdl by the fruon procedure. 

To enlute rhr rcuncy and pncwon of the fuaon 
pmadun tro e plutonium cod ampier were an- 
dyud. Oar wmpb wu pnpd tt Mound Laboratory 
by rpJthu i d ympb with i rtrndud rolution of '%, 
and tbr othr wu a rrnl mmpb rpikad with u'Pu ob- 
runad fm C. W. 91p. TIM dta of the fuaon rnnlysss 
M pm m TWr i ud 11. In both umples. the expen- 
maol 8- med to withbr i few percent of the 
standud nlw Tbc nhtiw standard devirtlon of the 

~ dth "'Pu Tracer 

TABLE I 

ANALYSlS OF A '#J "STANDARD" 
SO(L SW BY 110 FUSlON M€THOD 

, &SO. , (mosulfatc) 1 
1 

bple 
Number - 

A- 1 
A-2 
A-3 
A4 
A-5 
A4 
ss 1 

Pis solution Coprrciplta cion 
Extraction into - of Pu-238 * 

A liqm t -3 36 

- 

With kS01 

w-1 of 
hpk 

A 
1 
1 
1 
1 
1 
1 

20 

DFs rolut ion 
of 
x8lt 

36.4 
36.4 
36.4 
36.4 
36.4 
36.4 
36.4 

hr-238 Clrctro- 
Back - deposition - 
Extract bn (Oulrte-ChlorLdr) 

zuruimsulp& 
(Fornd) 

(dhJmbah) 

36.0 t 1 6' 
34.9 f 1.7 
41.2 t 3.3 
35.2 f 1.6 
35.4 t I .4 

35.3 2 2.3 
38.0 t 1.4 

Alph. 
Pulse HeLght 
CMLySLll 

Average 36.6 f 2.3b 

. 

LA NL 
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45 
15.9 
18.6 
75 
65 
75 
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TABLE II 

ANALYSIS OF A z% SPIKED 
SOIL SAMPLE' BY THE FUSION METHOD 

weight of % in Sunpk UOPU in Em+ 
Sampk Sample {SUQrd Vdw) (Found) 
Number (I) (disiminl)) (disiminlg) 

'#pu Tracer 
Rtcoved 

(%I 

SI 
57 

35.42 33.48 2 I 67" 
35 42 35.26 t I 49 

Average 34.37 

'Standud roil rrmplr rupplkd IO Mound LAbOtrlOV by C. W. SdI. Health Ser*ic.r Lsbotrrow. U. 5. Atomic Energy 
Cornmiwon. Idaho. Fall&. Idaho. 

bS1rdud dwiation bWd on countin8 ICAWLIL). 

sewn % standud nrnpkr wu 6.3%. k will be =n 
later this variation u low compued to the sundud de*- 
tion obrwcd with actual roil umples. 

Control Amlya 

Blank detemunatforu were made prlodrrlly to 
exIrmne the potYbJty of cOntulllllltlOn from the rea- 
gents or ghsswae. In some cans, a p9u mar vu added 
to detemne the percent recovery when a bhlr vrlw ns 
detemned. With both the leachm) md the frulon tech- 
nique. the low blank wu .bout 0111 db/& of % 
fi& blank vdutl of 0.09 dUmm % .ad 0.20 drlnun 
'% were obsrved for krchvy md fupoa, mspoctlvely. 
The avetye of 12 krchn) bl8nlu vu O.OMdtr/m 
"'Pu. &de the averqe fuaon ~rnk due wu 
0.070du/min % for 13 dtWmPMtlott& For most of 
the samples descnbed in thr, report, tbr blurk value u 
imgnificant For the andyo, of rod &vh( didn- 
tegration rates of the order of 0.01 db/mWg or itp, more 
stringent conditions would haw to be okrvmd UI order 
to lower the blank vrlun that ue pnmatty kmg ob- 
served 

Rrruhs and Dircuioa 

The soil umpk supplied to Mound L*bontoy by 
C. W. Slll wa~ ah uulyzed by the bchhg mtthod 
followed by analyas of the lrrched roil nrldue by the 
fwm method. Results of the rslalyl of two 1g runpks 
of thlr mi1 are pen m labk UI. It n cku that he 
leadung faded to remove d of the piutonmm from the 
sod. The percentages of % rrcovend from tho spiked 
samples by leaclung were I7 and 24%, rrrpcovrly, while 
81 and 78% of the activi was recovered by fusion of the 
sod restdue. The total bu reconnd from the nwo 

umpler, 34.6 md 36.1 dh/min/g, compora favorably 
nth the Iprud nlua of 35 4 Q4rnmlp. Thew btr seem 
to tudiute that the badnq method uwd htre u made- 
ute for plutomrn mU uulysu. Ru preparation of the 
apy 4pkd runpk, bowertr. involved bong the soil 
for a total of 4 hat loOo'C after the plutonium had been 
ddd Thu, lt n @la rht the plutonrum reacted mth 
the loll mrldn( IwdJn( mffecuve. 

Ihe drta for the fttt of tb, four mal Ymples used 
in rhr intercompubon study are &own m Table IV The 
pluroalum amantnuow obuvwd by both methods 
corrque qute frronbfy. The % tracer recovery was 
wtly mor for the funoa method. 

lab& V Lbts tbc dru for the second sod sample 
urd rn the intercomprilon. Hare agnn the same general 
oburvluons conmmuq the % tncer recoveries can be 
made The kh mthod mm Wtly tugher ?u con- 
cenurtioac, but thr sunbrd dmruons of the two sets of 
data omhp. Tbr results of the thud rod sample are 
shown m Trblr VI. Once a#n thr YII# peril obwrva- 
aous can k ma&. Hem tho % tracer recovenes by the 
fuuon method wore ~ifiuntty tugher mth a much 
lower rtDndud &nation thrn obtunrd m the leach an- 
dysu, hownr, the anrya for thc plutomum conccntra- 
aons rhow )ood rprrmrnt lhb set of data, as well as the 
btr obuied on the prmarr two sod. sample cledrly 
show the need for the uy of %a tracer m these anal). 

Table MI howr the data on the fourh roil sample 
Here the average % conantratioas do not show as 
pd lgrrrmcnt u tb pnnoua rmples although irom 
the sprrad LI~ he mdrndurl dotermaonr, especially 
with the fuaon results, it annot be concluded that the 
results dinyrc It should be noted in Table VI1 hat 

nliquots of 50,20. md IO g rnlt analyzed and that as the 
&quo1 s?c dearrwd tbt rundud denation mcreared 
The overall average value for tbe 11 leached samples *as 
13.9 +, 4.7 didnun/). The rvrrav value for 5h ahquuts 

ses 
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0.040 
0.027' 
0.039' 
0.038' 
0.038' 
0.031' 
0.050 
0.0415 

16 
62 
56 
43 
46 
71 
94 
12 

0.05 1 
0.034 
0.037 
0.036 

0.040 Avc. 0.039 SO 

Std. kO.007 f 27 : 0.008 
Dev. 

- - 

'Bawd on the malysb of .II Wquol of a Lwh mlutlon from a 1- umw. 

50 
71 
56 
42 

57 

: It 
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TABLE V 

u?u MSINTECRATlW RATES IN SOIL SAMPLE NO 2 
BY LEACHING AND FUSION 

0.104 
0.255 
0.2 19 
0.194 
0.166 
0. I48 

Ave. 0.198 

Std. 
Dtv. 20.063 

- 

42 

25 
11 
17 

30 
111 

49 

1 38 

0.203 
0.164 
0.144 
0.186 

0.174 - 
t 0.026 

54 

58 
71 
70 

63 

t9 

TABLE M 

I .66 
1.81 
1.46 
1.97 
1.30 
1.58 

Ave. 1.43 

Std. 
Drv. 20.24 

- 

22 
13 
23 

100 
63 
89 

1.75 
2.06 
I .41 
1.34 
1.38 

81 
82 
81 
73 
77 

52 1.59 19 

i 38 * 0.31 24 
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-- 

(di/min/s) 

16.41 
1s .90 
14.56 
10.05 
11.05 
24.31 
9.52 
14.09 
9.92 
8.97 

18.09 

Ave. 1390 - 
Std. 
Dtv. 24.7 

(rliquot. 2) 

50 
50 
50 
20 
20 
20 
20 
20 
20 
20 
20 

6 =%I 

may) 

48 
25 
40 
41 
24 
40 
31 
36 
51 
41 
49 

39 

i9 

was 15.62 i 0.96 dtslminlg, for 20-1 allqwts 
13.3 f 5 .4 dirlminlg, and for 10-1 rliquotr 
26.0 i 22.2 dirlmintg. 

A rummrry of the % dirmtlpition ram for the 
four soil umpkr analyzed is giwn in T&h M11. Ibrn ir 
pod aprcmnt between the inry '% dYntmtkn 
rater for the firs rhm mph brdlaw pd agmwmnr 
between lusion and h&g. Evrn witb rmpL numbor 4 
where the rvsrrye, are 26.0 md 139 WuW& coder- 
mg the large standard deviation u atad pnriouly, it 
cannot be concluded that the reultr do not wee. The 

(&/Ail) 

1 1.49 
16.58 
1 1.28 
t1.67 
65.2 
25.35 
9.85 
56.4 

26.0 - 

: 222 

(diquat. I) 

10 
to 
10 
10 
10 
10 
10 
IO 

(% * 
rrcavcy~ 

86 
84 

87 
93 
89 
75 
76 
63 

82 

i 10 

hgcr furion nkrr could WU hvt bocn cawed by the 
fact that tyD d the vmpla Urn for fuuon analysis 
cmmnod r nktinly mdlvldurl puucle of pluto- 
nium dbllr. A dndr %, prtide 1.35 urn in dim 
wuld dd &out 500 Wmin to a ad -pic. nus would 
tncnrr th coaamrrtion of rtivity in i 104 sunple by 
5Odh)xndg, wbllr thr rflca aa a sample would be 
only lOdLjmln/g. nus, it u p#riblc chrt the two urn- 
ph -) a + conomvrtion conulned a reh- 
~nty iyC plutonium diol& pnicle while the other 
wnpk did not. It rhould k noted that the average fusion 

Luy.I- Fhhoadvn 

kl. kl. 
sypu sta.m. No. of ucu stalk. No.of 

Nunk (dwminh) (5) sunprcs (WWl) (%I -Pr= 
kpk 

- 
I 0.039 18 8 0.040 20 4 

2 0.198 34 6 0.174 15 4 

3 1.63 I5 6 I .59 19 5 
4 13.9 34 II 26.0 85 8 
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value is 14.4 ddminlg when these two lu& vrlw are not 
urd in dcukting the avenge. This anrue compares 
quite favorably with the leaching value of 13.9 dS/mn/p. 

This particle size problem is more svere when an- 
llyzing for %.I as compued to % beuw of the 
connderable difference in rpecdic actiaty between these 
two isotopes. Plutonium-238 hu a aprcific activity of 
3.81 x 10' dislminlut compared to 
1.36 x lo' dislminlclg for %. It should ah be noted 
that in all of the fwn rerulu &e nLuw mdud 
deviation is peatrr than the sundud dovirtion that wu 
obtuned when the spiked roil mpk wu antyzcd 
(6.3%). fhu indicates a arnpltn8 enor which could also 
be expkined by the existma of mull % particles UI 

the sod. 
A, a furthor study on I poriblr difforonce botwaen 

the leaclung and fuson procadw in dotrmrinin~ %J in 
soil, residues from eqht 20s mmplci of roil sample 
number I, uulytcd by the lrrhing procodwe, were an- 
dy9d by the fusion procedure. The mulls are dven in 
Table Ix. With thb SOU unpk. it b seen that on the 
averale approximrtely 93% of the % is krched from 
the wil. Also the fact that ther c*t uulyrs showd an 
rvcwe tracer rrcovey of 39%. not inctuding the krching 
operations. urystr that the mapt loots in the oqml 
leach procedure were not in the kach step but. father. in 
the chemistry that follows. 

In conclusion it rpeeur tbt the kaching and fusion 
methods in the present study for the detennirution of 
%I in soif agree. Howenr, additional data wnll be 

accumulated in order to evaluate this assumption. Fbiurc 

plans mciude the malytu of additional lcaihed soil wn. 
pks by the fusion procedure ii) determine whether ur 1101 

leadung hi frllcd IO remove sig~ufii3nt drnounts :I 

plutonium from the original soil sample 
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TABLE IX 

uhr D(sImcfunoN UTES m 
LEACHED RESlWES OF SOlL SAMILE NO. 4 

sunple 
Number 

4-4 
4-5 
4-6 
4.7 

4-9 
4-10 
4.11 

4-8 

Average 

Std. Dev 

+in Totd 
=hl Msdl %tn 
W by FJoab suaplc 
(WWI) 

10.0s 
1 1.05 
24.31 
9.52 
14.09 
9.92 
8.97 
18.09 

13.25 

i 5.41 

1.10 
1.01 
0.74 
1.13 
1.16 
0.68 
0.62 
1.18 

0.95 

i 0.13 

(Wmb/t) 

11.1s 
12.06 
25.05 
10.65 
1s.25 
10.60 
9.59 

19.27 

14.20 

t 5.41 

' 
tracer rocovrna nrripd 39 2 9% for Ia~bAag. 

*y Pu tracer ncowia rvrr-0 76 i 5% for fwion. 

%I 

Rrcmmd 
by -nt 

90.1 
91.6 
97. I 

92.4 
93.6 
93.5 
93.9 

92.7 

89.4 

f 2.4 
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InrrodPcrioa 

Rutonium ndkcbmdal Wrt have bm per- 
formed at TrrprblWm for ow twnty you. Mapr 
chaqer ue due to hartrd k#rlrdlr of the trmr 
chenistry of ptutonkum u well u the rvuhblty of 
efficmt rrputtioa chmdat md -0 md wnprove- 
menu m nucku mt~rm~na. Impmwnmu haw 

tionrl. Iht net effect bc itlll brm hmtk. At one tm 

of tracer and low- kwl. w+ombtjon rlph spearom 
erry haw pmntted thr ptrt impmnmmu. The 
present state of the ut pmitc pacthi mruummmtc to 
a counnng error of f 5% at Iewh u bw ai In dpm for I 
1000.nnn count. Thrt an k nduad to I4 dpm if three. 
days detector tune per mpk u rnihbk, etc. 

&y been prdwl urd mtrmorpblc nthm thrn WW- 

Our kborJlOIy hd fU Om cryktd ndbdlmf& h8 

-Sm 

Trapdo feels thrt the endre arulyucal system used 
must be madderod u a whole. Thfc u even more unpor- 
ut m mdbchabuy dun rn mane uulytiul chem- 
lrtry Chemary pocodures, thou most often stressed, 

la a rrmll kborriay, the syttem m&t consut of 
only oa~ worker and nktrd mqqmpment and procedures 
At moth bcility, auh u Tnplo, the nsponnbihties 
&r k cpmd out rcordlna to the expenisc of each 
pcmn 

'Ik TW wauar)l Synm fa htoatum. 
Wit u conadand, tt Trapdo, to be the ky to the 
vulyw of the actuudcr. prrtlculrrly plutonium. IS listed 
(Fig 1 ) and outhed m further detail below 

are only 4 portion of th total. 

-7 
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1. 
2. 
3. 
4. 
5. 
6. 
7. 

9. 
a. 

FIGURE 1 

KEY REQUIREMENTS FOR 
PLUTON I UM ANALYSIS 

Parsonno1 
Low LaVal Llb md Eguipmmt 
Solubilization (or L-1 of Pu 
Accunarly SMW 'Vu TRC~ 
Equilibrnion 
(kOonaninr(i0n and Purifiation 

scmaomrrr sm 
Smndwd DataCIkukbion 
Quality Ccmrol 

1. PERSONNEL 
a. Expcnenced in use of procedures 
b. Felxibllity in domi dlfferent mdym 

a. Low Level control 
b. Good houvkeepurg 

3. SAMPLE SOLUBlUATlON (OR LEACH) 
a. Speafic procedura for diffonnt matrices 

2. LOW LEVEL LABORATORY AND EQWMENT 

4. ACCURATELY STANDARDIZED PLUTONIUM-236 
TRACER 
a. Aganst an absolute baas 
b Prccwon of 2 1% 
c Dpu impunty c 03 % 
d % impunty C 0.09 alpha 46 
e. Impunty content known for correction purpocer 

5. EQUILIBRATION 
a. Exchange with tracer during solubiliution or rubrc- 

quently 

6. DECOMAMINATION AND PURLPICATION 
a. The mnunum &omruy to ob- m@tks ekc- 

trodepout 
b Chemruy tuted to remove obror actinider 
c. Obtvn radtoocfierrdd yrlds of 40 to 90% 

7 ALPHA SPECTROMETER SYSTEM 
a. Fmch Gnd or surface bamer 
b Resoluuon 20 to 40 keV 
c. Efficiency 30 to 48% 
d. No tahg of peaks at bdme 

8. STANDARD DATA CALCULATION 
a. Conwent interpnutlon of rpoctra 
b btrLuuc assessment of pncmon 

9. QUALITY CONTROL AFD EVALUATIOX 
a Routine blanks and standards 
b. Alpha spectrometer checks on bdckground etti- 

cienc), etc. 

Bur Roccdurr 

The bovc procedures used at Trapelo/West for low- 
level plutoruum ue. in mar tspectr. vmtlar to thore used 
at many other labratorte; The analyst has a mdth ut 
prom rnrlyw wqucncu to chosc from UI asrcrnbiing a 
wt for routine w tn hu own Laboratory Ftgurc 2 IS 3 

schmutlc shomnp how ddferent sample matrices fit into 
the procesmg. 

bpk mtkc The preparation of samples for 
adyro at Tripdo foUom pnenlly accepted practice 
using dryuy. dung, ~uhng, etc. At Traplo. the spec]. 
mens may be receivcd at the dysu laboratory m various 
#uta of preparation, magmg from a raw sample to an 
uhed residue 

slmpk- . Wublluation of the sample 
u a cntd prt of plutwum analyses tracer ln- 
dwd, much tim u spmt in dumng tfus Within 3 

mpk category. mrnnck mpla ye always tound 
wluch wll not compktoty drvdn by routtne trearment 
The rsdmchcmirt trut) them urLndurlly to &$solve 
rurdurk. Usually HNO, -HCl.HClO, -HF or fusion IS used 

In the specid cuc of roll leaching, the procedure of 
Norton Chu of HGL' IS wd and of course complete 
solution of the loil m not expected, 

Fig. 2 
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to 12 cm. Ihc rcanrbr la(rv). PO), UIV) Np(W). 
and pu(M arc tbrorbrd by thr mm whde trivalent Ac. 
h, and Cm pur tbu#~ Thr retuned actimder can be 
eluted rnth 4g HNO,4 lp! HF (Chu reports uw of 0 48 
md O.Ol_N rrcpctmty.) 

The rcond, auUIrsltcd rnion dumn (Ism dum 
by 2.5m) as urd for Rnrl dan up of the Ioluuon 

the umplr, LII 6~HNO,, u loaded onto the 
coiuam. The rain u thm convened. wccemnly, wth 
K1 md c#rantnud HCI to the chloride form Any 

Tb would elute in rb HCI fnctionr. An eluuient' of HCI 
conurnni -1 u urd to nduE0 urd elute h011) Thu 
pondr prutodwn frm of my dpha mtung acuntdes 
ruch u Th, Pa. U, or Np. Kdwm ir a wry large amount of 
Fml) or odm dnt, the flnt column punfiutlon 
&odd be nprud pna to the HNO, -HCI column. 

-. After enporrtion and wet-ash 
dutzuctmn of ma a-u, thr plutooruum is electro- 
dopatted upm & rowIl stnl dbc (220.m dram. 
25D-ma plated am). htinunr &a are md for highest 
rcfuncy. Rw mnium Chloridr method dcscnkd by 
tditdwn. 1, mod. ThL glrt~ngmrthod tua been m weat 
Tnpk fa nmny pan md i, reconmended Y i mhible 
procedrm rNdr b ementklly quurtiutiw with only a 
IOnna plrtbr) mno. 

Vmy Ckm, rlmort iavirlbk plrted areas are ob- 
trmrd if Q pudfkrtion b done properly. The suinlers 
nee1 dlrr rbwld not k fLmrd after piatmg slnce an 
oxide fom wNch degrada the alpha spectra. 

strarolrmy. Samples are counted on a de. 
wctor m dth a bsttry of Tnplo fwh gnd detectors 
or I tsttory of hc 450.m' arrface.buricr detectors 
The operate on upn.mechnc (7-10 gas) wtule the 
arrface-burirr drtocton are operated ui a vacuum. Reso- 
lution d tho pldW drtcctm are u low w 20 kcV at 
5.75M0V Thc llll~ Frrrch md chmben m 1963 hd 
only 4s-keV res~lutloa. J twefdd rmptovcment hnng 
boen rnrtncd by m~&fiution of the electronic rompo- 
nmu. Rdwton of thr surface barnen u SO keV 

Backpound h th % energy peak varier between 
0004 to 0.018 for the d~fforat detectors Background 
fluctuoonr ue due prmudy to &?tlrticaI vanattons but 
can be rnawrd by muntcr contamnation from certain 
Isotopr. kwd' dkurwd urtemd contamination of 
alpha spoctromten due to countuy Qffcrsnt uotopes 
On the FrLQ gnds. collirnrton ue used to reduce base 
be tailing. This llro nducn counting effiaency from 48 
to 35% Efflaency on the mlidnate detectors IS 28 to 
30% 

Calculation of alpha spectrometry 
data u pmtly done uuni a combination of computer 
and tund ulculrtion:. A smoothed Jphr spectrum plot IS 
producrd by the computer, incorporatutfi an enern call. 

bration line from nrndudr counted wth the specific 
sample. The got u cxannmd to determine the isotopes 
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prewnt in the sample and the alpha pcah are then mu- 
grated wthin preselected enerv regaon, Conections for 
background as wall 3s apparent impunties from the 'qu 
tracer are made 

Errors of ~lly~i are enirmred cowrvauvety and 
111 erron ue included which could symficunrly affect the 
users' confidence Ln the data I)ui treatment becomes 
most stgnficant at low (< I dpm) acttnty kveb. Rather 
than use mple countmg UJ~U~ICJ. the error amocurcd 
wth conrcung for background. blank, and truer contrr. 
butron. is estimated at mmwhrr qorter thrn that enor 
indiatsd by countrng strtirtlcs &ne. fho merhod also 
assumes that some of the enon uc not Gaunun and 
there is, therefore, an maeved unccnrlnty 

OpmtiodEXpakllfc 

Expnena wth thu proocdurc u kurwd relrtlve 
to tracer yields. uotope pudty, and other operational 
SpCCtS. 

Ywdr. Cltemcal ywldr ue panrlly pod. Figure 4 
show yields for wvtnl dafferent bro-rl oms rm$np 
in wei@ from 20 to 600 8. Thrn does not m to be 
any depndmcy upon w&t. The bwr pldr for the 
nodes UI not brbnd related to vmpk typa 

Yid6 for krch dyrrs of various we rkquotr of 
sod are shown m FIB. 5 Mfiemnt aodt are rnciuded but 
no conekaon of yield wth soil typa ha boon nuda Ihe 
lower ywldr pnmnly represent some of the furt soh 
arulyzed in a qwn wellflt raw, Som of rhc unexpected 
Qfficultio were dy ironed out The yuU from 1-kg 
sod leacher and 1- duohruonr are now expected to be 
m the 70 to 80% range. 

Purity of PhttodPm ma. Natural and other am- 
fcully produced alpha enntucn are ofun pnmt m 

ennromental samples analyzed for plutonium. li nur 
removed, "CIh and y'Am wll perturb the '% 3iph 

peak. Thorium.227 would perturb the % traL.er pe3k. 
Uruuum-232. a growth m vu tracer. IJ also added LO 

each mple. There are other possible sontsrnrnants oi 
mnor importance 

An evaluation of the procedure for drcontarnina- 
uon from four actinide elements was performed. The 
plutonium fraction wu emmed for impunties on the 
alpha spctromter . 

results are hwn in Fig. 6. The amount of 
unpruitjts on uch plate wu dose to limits of detection. 
An estimate of lower limits for the deconfammation 
facton wu ma& md 4 were seater than or equal to 
2 x Id. Mom exact facton could be determmed but 
lamn mounts of impurity isotopes must be wd. 

'Ihe deconuminrtion factors obtained indicate che 
pdm is more than adequate for my expected en. 
vlronmencal urnpier. 

Opemtiod Aqoctr. This scheme of analysis 
appears to haw tha desked flexibility. The commonality 
of mrthob u not new but the pernt scheme seems ro 
provide better unification than we have experienced be- 
fore. 

k an emple. Tnpelo previously wd a unified 
system for procmm# thowands of btol~cak. soils. vege. 
utron, ad wiow coUection media. The methods were 
rrponrd by W. Major''' The chemical procedure con- 
sisted of a cupfenon extraction, a hydroxide precipitation 
from a bmc carbonate mdia, and mother precrpiu;ion 
from NHIOH. h anion exchange coiumn purification. 
VW sirmlar to the wcond column used m this report. was 
urd a8 find ckmup. Excellent results were obtained 
uring tho= proadura but they contuned some messy, 
intenncdute step. h.e. the orgarucs from the extraction 

had ro be dcitroyed by wet ashmg. They were also more 
time consummg. 

FIGURE 4 

YIELD FROM WOLWCAL ORGANS 
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Sptcf~ Probkm in Low Level Plutoaium AdYh 

A kw specific probkm related to low-kvel ph0- 
nium analysis arc gwn. These are mutual probkm faced 
by analysts and which affect the ultimate data urrs. 

Low-Level Aspect. Wgh-ievel plutonium samples 
sometimes appear unexpectedly in dyw program. 
Sometimes they have been prepued as program evalu- 
tion spikes or other tests. They are a definite conuminr. 
tion hazard to other wmpks when thir is not knm 
ahead of time. In a program with mixed kvelr. a pn- 
momtoring system mUlt be wt up ai war done UI put lod 
anaIysis propms.’ 

At this laboratory. low4evel tboratoty operations 
suffice for analyw of vmpks rurpng from zero to 

approximrtely 100dpm. The #matest burrer to ceou 
contamination u the use of new &mare. especially on 
low.leve[ samples. If the project work doc: not merit thu 
added cxpcnr. then secondhnd ware from pro~~cts 
of stnular or lower knl un be wd. Used @wan 
introducer another vuiabk since ckmuy procedures may 
not be perfect. Other sources of uosa contunination. 
such as reagent bottles, centrifupr, plrterr. etc. must be 
mnimized by good hourkeeping. Effectiveness of such 
operations must be monitored by proccuins blanks with 
each batch of samples. 

Pluronium-236 Tncrr. The key to accurate urrlywr 
at many hboratones IS UI of 5 aacer. Stocks of 
tracer avahble have been found to conuin a swt 
a pvent contamination of *Pu (0.2 to 0.5 alpha %) and 
lRpu (0.04 to 0.09 alphs %). The conurnination inuems 
relatively with time, almost proportional to the 2.8-yr 
%J decay. Tracer purchased in late 1970 from the 
USAEC, Oak Ridge tests no better than our pravious 
stock (produced in 1963). 

The most serious effect is in the amlysia of %. 
The amount of correction needd is difficult to determine 
accurately. Use of very sd amounts of tracer (3 dpm) 
mnirmzcs the correction but lomr counting times ue 
required. An alternate method, in a ympk with muur- 
abie %J content, is to split the mpk and analyze one 
part, with tracer. to obtain the %J antent and the 
second art, without tracer, to obtain a kr unperturbed 
zy~u/u%u ratio. 

Evrhution of Adyticd oluliry. Radiochemists 
my expound upon wry pod tracer yields and relate 
them to analytlcd qurlity Dpu wrs my be unduly 
mnuenctd and pve Wyrld data weqht om rverye 
ylclds 

In low4evel plutonrum nnrlyru. a aood ymld muu 
thot signal-to-backgound ratio and tigum of ment for a 
@veri umpk 1~ being muumued Thu u unponrnt, but a 
very htgh yeld, say 968, my be an artifact, puticulrrly 
in diode counting It should not ourweqh 1 yield of 80% 
or even 509b 

Mebrd ducusvd the factors aifecting the cffi. 
cuncy of both Fmch grid and surface4arrier deteztors 
Nonuntlormrty of plattng on result in a 20% variarion In 
countmg efficiency on s.b detectors Sample positiorung 
hu a bqr effect on ctfictency at short rprnple-todetector 
duuncn uaed on airface buriers The error LS greater tor 
mUer detectors Fruchgnd efficiency IS insensitive to 

thew vulrtionr Thus ylcldr on surfambarrier detectors 
my not be absolute, but MCC yield unccls in isotope 
dilution uulysis, thu b not important At Trapelo. tracer 
ykld, UI amldarrd LCCUIIKC to f 3% on Fnrh grids and 
2 5% on the 450.mma surface barriers. Thus. a sample 
nth 96% ynld on solid sate could mewre 88% yield on 
I Fnach gnd. with no hrm, except to he self esteem of 
the radmchemut. 

lcunrvv 

A cmonrlity m methods of low kvel plutonium 
uuiyru in cnvbonmnul rmpka at Tmplo/Wcst has 
boen M!ly dacrbd. Emplush hr been placed upon 
uprctr cordad molt hnporrurt to obtain iccurate 
multr. The sy*rm of dyru at a Oven laboratory is 

cowdorod to be most Imprunt. 
Rondw cntun punrry operations arc accorn. 

pwlad tn an mdyor, mtermedute processing steps 
asum vconduy mportacc, prondrd tracer yields are 
rumnabb 

hlo# uaportmt u US O~M absolutely standardized 
plutonium mar md oqubbrrtion m the sample As 
wrple activity knlr &crew, spectra mterpretation and 
Lu crlculrtion methods amme quter unportance The 
Lu ULC rhould UY bar kvrl dau with Lp error hits 
wlth uutbn. In the We of propct urrlyss, data users 
nthcr tend to dbmprd error lmts 

Lrp mor Hmitr, calculated by toutme statistical 
mrthods, lbould k nrifHd tn empin4 tests such 3s 
dilution t.pnmcntr, blanks, etc 

With lhrr conddrrations, it u recommended that 
promulptbn of #mm*d mrrlrodr by my agency group 
or propa be done wlth caution That flexibility ot 
me&& be rllowrd to each laboratory system and chat 
emphdc for cow~rry# be placed upon obtaining the 
lunr results on the yllu mated by independent Labora. 
tory syuanr. Thu u My the basu of operation for 
some of the most rucdul brta~lhermg systems in the 

MI ion 

lwaraca 

I. Norton Y bu, “butaduul Decrmruutlon m Sod by Leaching 
.ad lodxcbyr mtbn,“ Anrl. chrm 43. 49-542 
(1971) 

2 I Y d G R. Waorbury, “Tlw Qwtimiivr Srpara. 
tmn of h, from VYIDY) ION by Aruon Exchlye” Anal 
mrn. 34. 119bL601 (1962) 
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B~olopcrl Smpkr." Health Rys. 10. 957965 ( 19641. 

5 R Hc&afd. R A. Wcrsman and L Lrvrnrhrl. -'The ReIai~~. 

.4dvrntycc of Gas and Drodr Dcnctors in Lou Level .Alpha 
Spccrrompy." 14th Annual Biorruy and Anal). tical Chcm. 
uny Mrcti~. New York City. Oct 74. 1968 

n. R Mclptd and L. Lwcnrhrl. "Rourinc 
Dttctminauon of % tn Fused So11 Lattice$ by Tracer Tech- 
nquci." Ttnth Annual Meeting Health Phyrxc Socicty. Lo4 
Anagclcs. Cdif.. June 1965 
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Tracer Concentrations." Anal Chcm 32. 326.328 (1960). 6. W Malor. R. Was 

79 

00130422DBO 

UOBT I3 I 



00130422081 



TIW of N cphrid prtwr of p~n %a 
u 0.721 N D' bpm wheze D b tbc dhwur of th putlcb 
Ln mlcronl. &aur thr rctivity k popabd to the 
thud power of tbe dllMter, a un4old mum- m diun- 
etei gva a thournd-fold m~~tu la act*. If the 
actiwty u bw, LI u prrrnrly trur wlrh an- soh, the 
entire activity could hw reailtrd from a wry few putk 

cks of reuonrbb yzr. rrprodudbl, ~lpVry 
wturlly Lmpadbk. For rumpl, a si@ I+ prrrkh tn 
1Og of rotl an av activity of ON2dpm/8 
Lcvek around 0.CU dpdg are wUdy rncountrmd in the 
enwomt. whib bwb u hiL u I dpdg haw ad 
conslderabk cotlorn uno* som dUa llwm LvcL 
could have reauked from dallr havirq dkmun 
of 0.82 md 2.4& raputkely, b 108 of d. A wqle 
large puctcie dd ~onrrlbutr u much rttnty u a 
thousand smrtlrr ma with oawonth rhr dirantw. Can- 
sequently. Mmmt mOu Wwla of tho man mpk 
rubrmtud for rartyrb could #vu mmlu diff8rmg by 
mny ordm of mgnttudo d.pn4bl on the number of 
puticlcr prosent md drrit dm Wbutlon III each 
aliquot. Lupr runph would obrbudy hap obum a 
more rcprewntatjvc man but would not rhmrte the 
probkm. 

In laboratory mawemnu of thr chuactrruticr of 
aeroroh rrrulting from rmrll-de bumhg of pktoruum 
metal and alloys, EtUnpr et d.' found mu mcdvn 
diameters (mmd) of 0.03 to 0.14 p. They &O quote work 
of othen pving mmd'r of vnnl p for other wnditions 
Hahima md Schwendmun' found a mmd of 4.2~ for 
aerowls from ~putron of hie metrl tnpu in moderate 

rirfbrr, md ds up to 60 p for the urborne mated 
dtq from br~a( dry plutonium compounds m flow. 

ntum prtkl, nth a median dumcter of 1 I cc in a 

kbartory bmdBn8 piutonlum compounds. it seems 
rntlnb mmfubk to expect nww smple mhorno- 
pmky at dron dbtrmc from putoaum faahtier. pr- 
ucukrty J the activity lmlr are hi@, and a detectable 
probkm oven at coaJdnrbir dMurar. Fowler et 11' 
show rrrullc ruyln( from 0 to 778 dpdg in a nnJe soil 

rmph cobctod mu the impact urn of an vrcraft carry. 
utg a nucku device. 

Oa tin othm brad. if tho putrcla M even as small 
u 0.1 p u Lut S% pulichr of the pure oxlde would be 
mqubrd UI a 1- rmpk to produce UI average level of 
mn O.Ordpm/). Such a number of small particles 
Wuld prrmlt tho mmpb wbmlrted for analyns to be 
h0nrP)mhrd md rmpkd kttrr thn the sulutial un- 
cartunty voc-d with oibur the subsequent analysis or 
tht m-td rrmpling itwlf. However, mmt of the 
gbbdlydbtributd plutor\hun mulu from detonation of 
nudrrr d.rbc rht qrr pamclrr a few mu in durn,' 
an extrrmrly kqo number of rrhw would be required to 
account for tho obrmd acthity Furthermore, material 
from tho detonrrlon of nucku devices will have been 
compktrly nporued and recondensed glvrng particles 
conumhg a wry vnrll fractron of plutonium rather than 
separate, dbcrete putlckt of the pure oxlde Cow. 
qwntly, Uttk tnnhomgmaty of consequence mlght be 
expected on rob conuinm8 only plutonium from global 
fallout even on only 1- mples 

lg & ~tnM. sbnuuly. K*llur md lorbi' found Pluto- 
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Although few in number. the expermental data 
shown In Table I appev LO submntute the correctness of 
the above rersoning. The fnst two sampler were obtained 
near 3 plutonium fxiliry, but one which was not known 
10 have released any plutonium to the enwonment. 
Samples 3 through 7 were obumcd at dstancesof about 
2.0. 2.0. 16. 17 and 43 mles. respectively, downwnnd 
from a plutonium proceuing faClbty known to haw re- 
leased a significant quantity of plutonium. Smpks 8 and 
9 were taken at distances of about 50mikt and 
100 yuds, respectively, from two other frclkties known 
to have released plutonium. Enry mlt obtained on 
samples I, 2, and 7, and all but one result each on umphs 
5, 6. and E uc well within the statistical uncertainty of 
the analyrs on 10% samples. The plutonium pnvnt 
probably resulted entirely from global fallout. However, 
the ungle, high valuer in saampler 5, 6. and 8 are I .5 to 4 
umes the other values in ne me vmpk and cbuly 
represent a s~lficsnt adfmnce in that putkuhr 
Jquot, possibly cawed by I dnw, hmar puticb. Ihc 
results on sampler 3 and 9 show the pnmounad betwo- 
geneif) J be expected on umph mkoa nbtlmb. cbr 
to the huurce where larger particles mt be expctod. 
Samples 3 and 4 were taken at greater dbtmcer than 
sample 9 but the source was much larger and the area is 
subject to fauly winds. 

The particle probkm becomes prrticulariy acute 
with -0, for which the nmriul constant in the 
above rcrinty-putick size relationhip L 202. In a 10-g 
sample, sin@ particles of 0.1. and 1s dim #vr avenge 
activities of 0.02 pnd 20.2 dpm/g. itwtinty. Cone- 
quently. even low*ctivity smpbr mi@t br exprerrd to 

Dve extremely erratic results occaricdy dur to vmpk 
rnhornogeneity. particularly in tho vichity of facilities 
handling %J where larger putlcks @t br encouner- 
ed. In one such exampk, the nrio of % to % 
changed from 1.6 to 0.15 on two wpuate rtiquots of the 
same ample showing concluriveiy the pmcna of dturcte 
particles of different cornpodtion. 

The numerical conscant in the rctivkydze eqm 
don above is onl 6.94 x 1P for I hi@hly enriched UO1 
containing 1% 40% md 99% mUOa. A ingb pticlr 
of IO+ diam would produce utivity in 10s of roil of 
only 0.069 dpm/g. Conwquently, mltirrly krger Mi- 
cler are required to produa Jlcnifiant activity in a few 
particles and the partick pmbbm is reed to k rela- 
tively unaU for uranium ode, even when bihly en- 
riched. The consUnts arc 8.03 x lo-' for qp0, md 
4 I .I for y'AmO,, giWg rise to putlck pmbkmz inter- 
mediate to those described rborc. 

Refmaca 

1. H. 1. Etnngcr. W. D. Mow. and H. Buy,Nud. Sa. Em., 30, 1 
(1967). 
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TABLE I 

REMOWClBlLrrY OF WALYSES USING 
IO-GRAM ALlQUOrS OF PREPARED SOILS 

PU found. 
Number (dpm/t) 

1 

2 

3 

8 

9 

0.110 t 0.009 
0.116 2 0.010 
0.112 * 0.012 
0.101 2 0.008 
0,111 i 0.008 

0.060 i 0.007 
0.050 f 0.007 
0.054 i 0.008 
0.063 f 0.007 

1.59 i 0.04 
0.56 f 0.02 
0.94 f 0.03 
0.68 i 0.0P 

0.62 i 0.02 

0.57 f 0.02 
0.56 f 0.02 

0.094 * 0.006 
0.077 i 0.008 
0.042 f 0.005 
0.055 t 0.010 
0.047 f 0.006 

0.079 f 0.009 
0.058 i 0.008 
0.071 2 0.009 
0.29 i 0.01 

0.051 2 0.007 
0.066 f 0.009 
0.056 t 0.006 
0.052 f 0.006 

0.071 f 0.008 
0.22 f 0.02 
0.051 i 0.007 
0.059 f 0.006 

0.35 t 0.02 
0.78 * 0.04 
1.73 i 0.04 
0.26 i 0.01 

'Leached rccordtn# to Ch u'. IamlubL. 10%; 
d &Jblr. 90%. 
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PLUTONIUM IN SURFACE SOIL IN THE HANFOCID PLANT ENVIRONS 

Introdwbn 

I murt preface my taIk with a cautbauy remark. 
Although any condudorv that -1 bo dMm from the 
hrmted data we hvr rWbb (0 fu M be at but 
tentative. we belwve tbt nanc dru colrcred at the 
Hanford utc. and the trchruqurr urrd, midti be of inter- 
est 10 thu sympormm. 

Analyses for pbtomum m ur, water, and foodstuffs 
have been ptt of the routine umlllncc program at 

Hanford. We hrvr rumyld tho ground and other surfaces 
for plutonium rwhme thrc was Wblt depoatmn from 
stack cmwoni, wute spllr. etc., urq dkoct LnNument 
mewremenu. Dotcabb ptutonkrn dopoution from che 
few such mcfdenu hu been conlhod to restricted area 
The wrface contlrmnauon bnl that an br detected with 
our portable instruments IS rpproximrrely 
OOOf~1gPu1100crn’ 

The denre to obtarn dditlolul information regard- 
ulg any spread of plutomum kymd the rostncted areas. 
u well as to duiinguuh betwrn any plutonturn m sod 
rcrultmg from plant activities, and that rerulttng from 

!%out led to r rnrning surwy for plutonium in surface 
Ioilr both 011. ad &&to in Fobruuy. 1970. 

Ihc mulu to bte urd tho procedures followed are 
dLcurd in thtr mper. Althow aomo adbtional sampler 
Ln bun takon, tb mr)or prt of my dircruuon WU be 
on the mitirl wwy. ne limited amount of subsequent 
btr h, pron ruuh within the nmc range of plutonium 
concentrations. 

sulr(c1- 

In order to rnnimu, thr vanabler urocuted with 
the a- an attempt vu made to select utuform 
urn- dtn. At H.afad, rhc llyuu dcwrr mils u free 
u pdbb from rodu md run&- nptauon Emphuis 
wu placed 011 OU rrmpliq of unduturbcd soils and only 
mnunum mounts of rootmat or ngetruw litter were 
accepted. &ncr tho p~nuy objective was to determine 
the current dirtnbutim d plutoruurn rather thrn to make 
a tot81 ennronmntd mnntory, the wnpfing depth was 
kept to L prrctiul mnunum. 

as 
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Initial vmpLng was done with a flat-bottomed 
scoop approumatcly 18 by I2 in. An attempt was made 
to take only the top !4 in. of sod. Subsequent vmpbng 
has been done with a closed-top nmpkr to rmnirmze 
varlation 1n slmpk depth. An ordinary E~PuIOK tape 
contamer gives a neat, sharpedgcd, reproducibk cut in 
our desert soils, 9r.m in diam by I.6crn doep, provided 
no brpt gavels are present. A trowel wxs ued to make J 

clean cut across the bottom e& of rhe container and to 
retain the entire slmpk for transfer to a tared polyrtyrcnc 
sample jar. Repeated cuts within the rkcted sampling 
acta give a total sunpie we@t of I SO g or more. Sampler 
of known depth can be uken by remonng roil from the 
side of the implanted container just deep enow to 
apse its bottom edge, nmonng the umptt. and repeat- 
mg the procedure. 

Plutonium arulyscr on the ampkr of Februuy, 
1970, wre performed by two Lsboratorics. BrtreUe- 
Nonhwar and U.S. 'fating Company. me Lttclle- 
Northwest Laboratory procedure wed diquots of 10s 
(dry weight) of soil for plutonium an&&. Each aliquot 
was spiked with a nominal 1 dpn of % and heated for 
2 to 3 h at 750'C. The roil was thm leached with both 
dilute and conantrated hydrochlonc acid fobwed by 
concentrated nitric acid. The total rctd contact time was 
3 ro 4 d. The leach solution (1 in HCl) wu loaded on 
Dowex-I anion exchange resin and the resin washed with 
I* WI. The plutonium wu reductd and eluted with 
0.lY ammonium iodide in ShJ HCI. Thr plutonium- 
bearing effluent was converted to 8MHN0, and again 
loaded onto D0wcx.l; the resin was then wabed with 
8& HNO, , and eluted with 1.2N HCl. A find purification 
was accomplished with a chmoyltrifluoracetone (TTA) 
extraction. The plutoniumbeazing organic phase was 
evaporated on a platinum dQc. counted with B 150 mm' 
ulicon surface-burier detector for 8 to IOd. Protea- 
bhnk counting rates were Itr dun one-centh of the 
lowest umple countrng rite. The detection level by hia 
procedure is estimated to be 0.019 per sample for a 
10 d count or about 0.001 dpdg % of roil. UM of 
the silicon detector penniited dirtinctlon of % from 
rhe 

Re "ys content of the smpltt wu mcuured by 
glmrm-ray spectrometry ~d urd to normakte the pluro- 
nium results for differencor in tho fallout content of the 
wnous samples. Seven1 hundred g of vmpk were placed 
in a Sin. durn by 3/4-in. drcp mc container. The 
mpks were counted for at leut lo00 min each between 
a ppir of 6in. diun by Sin. thick Ndm) detectors 
operated in anticoincidence with a pMc phosphor 
annulus for Compton supreuion and brclr(round reduc- 
tion. A welghted Icrst.squycr method wu urd to calcu- 
late "ts trtimates from the wcrra data.'".' ne dcu- 
htioru gave a ptecislon estimate for the ITS dyes of 
better than i 5%. 

For a few of the February, 1970 sampler, and for 
all subsequent sampler. a somewhat different pluroniurn 

86 

analyti~al proctdure was used bq he L S Te,riri$ 
Company Samples were weighed. Ovefl-drltd Jf 125 c 
for 24 h. and manually stirred to mX the jJmpk drd 
break up 3n) ibdS Five g ot dried soil were used tclr hur 
Ieactung Onehundred ml of 84 HNO, plus 1 drops JI 

ionccntrated HF were applied under rellux The rrsuimig 
mixture was filrtred and washed wirh hot i\1 HU03 
Attcr evaporating the leach solution to drvnness Jnd re- 
solubllmng, a lanthanum fluoride ~upreapir~ion was 

carrtcd our TIA extraction and electrol\tic deposition 
were uud to punfy and mount the plutonium :or count. 

ml;. Countlng w1s performed by exposing ?UTA film to 
the *red &sc for appronmately 1 wk Alpha tracks in 

he film were counted and converted to dprn JS totd Pu 
Yield by thu procedure was nominally 65% with an 
expected detection level of about 0.007 dpmig ot soil 
'The procedure &scribed following the leach step is our 
sundard bioassay procedure for pluronium 

Adythl Rdu 

Figure I shows the bford reservation, the chrm- 
ical separations mas, the reactor areas. and the 

'US. Tcriuy Compmy. Richhd Branch - A Contractor to the 
Atoms Energy CD mmuston. 

Fig. I 
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laboratory area. as well as nearby commuNUes Sunphg 
utes are indtcated. 

The duuna to the nearest chad wprnuons 
uea has ken hued m Fa. 2 for J1 wnpb outude thae 
ucu. Both Meas haw. m the put, vlctudrd fadim for 
liqud proashg of vrldutcd fuek. wNk the Wm area 
also hu fidlickr for procranl plutonium to mul and 
metal fabrications Much rmrUIr quultlth of phnonnrm 
haw boon hndkd UI the 300 (kbsntoy) Am. 

For thr rprlytial &fa prrrnod la Tab 1. US. 
fertuy Compury dru am ibatitbd WW 10 rrrrrtrk; the 
remunbr mc BweuI.Nonhw* &ta. 

Bulk dondty mruunmrntl of Ow drkd loil mpd 
from 1.35 to 1.65 dml. urd an amrap *alum of 1.5 r/ml 
hu bwn wd to conrrn o011cllmt1on by rnwt to 
surface depodtmn per unit uti. 

Ihe r@t hand column IS Lbelrd Mvlnlplc Adxr 
The entry diqwr UI thu cohum urdicrta rrnlydr of 
more than om portion of OM mpk urd rmplr in& 
cates mrlya, of Mmnt sunpbr taken at that one stc 

The anrlydd rerulrr obtdnod on rwnl mpks 
taken from OM runpk dtr pmrly show about &e same 
vrnrtion u npllate adymr on one mpk. For the 
analyses performed by the BittePe Northwest 
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Fig. 2 

Lboratory, the raulu ue pnenlly whn statisticdly 
rrpcted mp. VJur, from the other laboratory corn- 
put kr darty. Ihr ~~dcru between sites and be- 
tYtm npliutc sunpie ue bebevcd due largely to 
nm-uniform dlrtrlbuuon. but other sources of inconsis- 
teny cannot be rukd out. Homer, the values obtained 
M prmrlly in the rxpoctrd na(e from other reported 
mulu for plutomum from fallout. 

'Ihe prlmuy mimt of the work done was the idenri- 
fiurron of plutoluum from pMt releases wthin the re. 
rtnaed UIU and to Ltennorr if thu plutoruum had 
mBnted to uw outnldr the nrtricted arcu Ftyre 2 
~n thr utl~lty amcentratton as a function 
of dbtmca from plutonium pmccwng facilities The 
nrirbility u wt, wtth M dar rtlauonstup. Figure 3 
u a plot of ?u ~cuvity concentration versus that 

rcdvlty normrlizcd to attnbured to fallout As is 

readily m. the rmplm marked W. tho* from the re 
stnctud mi conuinuy th flutonrum-handling tacifrrres 
arc dbtrna from dl otha wrpla. These values have 3 

b/Cs ictrvlQ' nlio whcb an be attrtbuted to plant 
rekucr. The remahhg &ti, bl on and orf the rerer\.~ 
tion, have the sune narrmul h/Ct rauon, a 13tio chark. 

tenstic of rcmonrl surface fallout at the time oi wnpling 
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summuy Md corlurlola 

Dunng the operation of the Hanford plant. srndl. 
locrLttd releases of plutomum bvc taken pha The 
urnpies from the nrtncted West arm. confirm thu ract 
and mdicate hi a drfferent PulCs actinty ratio is to be 
expected from that due to fallout The samples from both 
outvde the nstnctcd area but wthm the planr bound- 
ws, and outside the @ant boundarm, have the same 
h/Cs ratio, mndlcrllng chat the plutoruum found is due ro 
fallout and no( plant openlion. 

I haw been unpmvd by thc preanon reported in 
orhcr plpm at ttur mteung, and hope to make use m the 
future of some of be hnp we hare karned. 
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MEA8UREMLNT OF CLVTWIUM IN KH L 
AROUNO W€ NEVADA TEBT SITE 

Nucku exprrimrnu coaduuod by thr US. Atornic 
Energy Common at tho Tat Sre bmr*m 
1951 and 1963 UM~ plutoa in both aitlul and 
subcnucrl confilunttom hrr fembd in dlrtributkn of 
plutonium beyond the test410 bam&riob ibw aped- 
menu were (mmUy of rhnr typa Tbn won 
dental venttnu of undarqormd oxpbbonr wbkb contrr 
buted Uuk, if my. to off41 pbronium drporlmn. 
There were dm atmaphe drrwbbar of fund 
nucicu expiodvrr, such u tho hmbbob mrbi of 1957. 
A hyh porconu(r of It plvtoalan urd in uch dwtm 
would uscape unRrdonoddi Ikr orrprtmrau my not 
have contributed luprly to losrl offdtr drpoabn. The 
third type, and probably Uw ptbdpl contributor to 
cumnt ptutonium in tho ch*, Oam m, WO~ the 
wdkd onpomt or ufoty drcontbnr Thn tnrr woore 
to test the effects whd muld nult rkuld the h&- 
explovw compomt of a drrler k rccldrntly dotomred. 

k pan of 11s rerponsWLty for ndktlon morutormg 
around the Ne& Ten Ste, tho Southrmtrn bdb 
lo(pa1 Health Laboritory (Swrua) hu been conducting 

a roil uapkq propm to btrmunt off-rrte plutonium 
hrrb. Ibr mrin objoctiw of the study u to define rhe 
curnnt phnarlum dtffributbn aromd the Nevada Test 
Silo, dotme d 11 b miprw by natural phenomena. 
and ku- if mm )r: ban, or may be. subject to 

phttomum expowc. Should then be any health hazard. 
it wjD bo rlrawn by the study results. Concurrent with tfur 
offato study, more drurkd and complex studies are 

tmng anductad oin tho WQ Test Site to cvduaie soil 
to mm twtm and any nbrd hurdr. Studm of resus- 
penwn, a& lunplinl, pruU and uprml sampling, md 
wick m3yh. rbrll be dau foUowuy thu dutriburlon 

flute mil nqiiua ndy w pnrnted m tlus paper 
Ihc At~rnk Ea- Cofnumaan'r kvodr Test Site 

(NIT) In8 ~~toly dxty-flrr mikr northwest of 
Lor Vqu, Mvda in chc Crat buin area The soit on 
and around the Ncvrdr Tru Site u prunully of volcaruc 
onpn. The nllryr are compowd of #ently to moderately 
sbprns aluwl fuu and term The sui1 IS of coarse 
texture wrth bw orpruc content and low water-holding 

ru*ry. hocrdurrs md faults for un nrly phuc of the 
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characrerstics. The moontlfnr 3re steep to very steep and 
composed of sedunenury. metamorphic. and igneous 
stone.' 

This soil survey was begun at twenty populated 
locations around the Nevada Test Site and two unpopu- 
lated locations (see Fig. I). Thew locauonr are both 
inude and outudc the fission product fallout patterns 
defied for the test series above. mer. Cahfornn md 
Kingman. Arizona were selected as backpound stations. 
initial sooil sarnpks were collected from profibs to deter- 
mine vertical dispostion of plutonium. Two profile 
samples were collected in the vicinity of each loation, 
usually three to five miks aput. Profhr of 2km drcp 
and ZOOcm que were sampled with lay- divded at 1, 
3.7, and I5 crn. 

Since dewrt wU is too dry md too coarse to use 
cookie cutter or auger mphg mtbodr, the nrnpkr 
were collected by a pu technique. A pit was dy as deep 
u necessary to accommodate the mximum sampling 
depth plus some workin( room. One face of thi, hok was 
left vertical, From chis face wu trowelled or rcoopod the 
deured th~cknerr and ma hym. A fsod-sur scoop 
works well. After the roop is inrned, itr mouth my be 
covered with a broad knife to fu tho vmpkd ura or 
volume. Also, it is conwnknt to slide a ht plate under 
the inserted scoop to prevent mmng any material which 
falls into the sunpkd nrea w&th the subrquent sample. 

Aim the kyer is removed, sunoundlng m3teriaI ~TJ\ Cue 

cleared away IO prevent backfall whch may hinder 5317- 

pbng the lower layers. 
&ea umpltng u done mth a scoop technique 301 

leu than ten scoop totahng more than I tf' ire used to 
compute one sample AI above. the scoop is designed tur 
a fiid runpie depth and area To dare. this has been 
5 cm by 100 cm' Bued on the profile results. II appears 
that Jcm deep wll be sullicient for most cases 

All vmpkr arc prepared for analyss in 3 similar 
futuon, The mpk u first screened and subdinded 
Tbr~ I. prrl *cement that plutoruum wdl reside in 
somt fino fawn of the roil There IS not agxcement of 
wht frruon to rlmuutc. Some analysts discard the 
mtarirl more cam dun 2OOmesh. some discard mate- 
naI mare CMIW thn 25mcsh.' The SWRHL procedure 
us IO.wrh as a dinding pomt. The more coarse mate- 
rW b #ontly ground m a mortar to break up the clods and 
screened. The he fractm IS dmded by a nffing appara- 
tu IO provldr rllquou for andyar An aliquot sufficient- 
ly snvlI to be handed m a 100 cc bottle (approx 100 g) 
u &ora for plutonium rarlym and another aliquot of 
about *oo cc (rbou! HK) g) is selected for gamma spec- 
oorcopy. 

Tbr mall atiquot u drwd at I10"C. ground and 
mixd rLqu0tr are yruted at 700°C and &wlved 
UI a Tdon k.Lur by muon with nitric and hydro. 
fluonc ndr. Nitrate, fluortb. and sahu are removed by 
~nponcfon to dryaarr followed by repeated evaporations 
m lfrc pwl)hct of hyboctrlonc acid Plutonium IS ab. 
ambod from a hydrochkric ocld soluoon of the resi. 
due on a colunrn of AG 1 x 2 amonic exchange resin 
Chkd uon u rrmorsd from the rem wth 7 2g 
n~tric rcld after whch the plutonium is rcducuvely eluted 
from tin rmn wth I.* hydrochloric acid contaming 
0.6% hydrogon proxldr. The separated plutonium u elec- 
trowtrd from 1M moruutn sulfate media onto 
ouurlrr -1 plncbetr. fhe aainty of the plutonium is 

btrnrrinrd by d@u spctrorcopy utmg % as an in- 

ternal rrfrnna rturd.rd.c' 
'Ihr 400 cc aliquot u counted 40 nun on a 4 x4 in 

NdCn) crystal coupled to a 400 channel pulseheight 
uuIyur. 'Ibr tapd spectrum IS analyzed b a mamx 
dutlon for IW, %, W. 13~s. g~, &n. 1~Ru 
md -21 

GMmmcsn rdta lbow nothing extraordinary for 
the kcrums unpl.d for thb uursy. 

Typrcrl ~lts whch hve been found for pluto- 
mum ue shown I labh I. Ihe vdwr shown are corn. 
puled from the conccnmuon in pCdg at the two-sigma 
confidence knl. 'These results are pehnary and subject 
to IIPI)(X rnodIfiation, u procedures ace refined or re- 

pstrd uulyrs am performed 
Rutonnun nr detected UI only the top 3 crn in 

molt UYI and tbr prof& put agreed to wntkn a factor 
of three m mort cams. lhree uea mplm were collected 
at [rthrop Web to evaluate the vonance wllhin a group 
of corn urd betwbcn kcaoonr, but unfortunately they 
were collected at one of the diylrnlng cases Another 
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TABU I 

MEASUREMIEM OF '"h IN SOlLs AROVND 
NIVADA 

Penoyer VAlky 

Queen City Summit 

1 ml E of Co Lm 
6 mi E of co he 

hthrop Web 

Alrmo 

&arty 

TonopJl 

Warm Springs 

Moipa 

Diablo 

Goldneld 

Butkr Ranch 

Caliente 

IndianSprinp 

Furmce Creek. California 

Scotty's Jct. 

ZdE 
2miW 
2 mi E surface 
2 mi E surface 
2 mi W surface 

4.2 mi N 
3.4 mi s 

2.4 mi N 
6.6 mi S 

1.5 mi S 
3.9 mi Nw 

2.6 mi E 
4.5 mi w 

4ndw 
7miNw 

2.4 mi N 
2mls 

3.4 mi s 
3.8 nu N 

1.9 m S 
2.3 M N 

GmN 
4.2 rm S 

1.5 nu E 
3.7 M w 

1.3 mi S of Inn 
0.6 rm N of Ranch 

23 mi S 
?.I mi N 

Pu 
(mCikm' ) 

6.7 f 1.5 
130 f 6.0 

19 2 1.0 
2: t 1.9 

5.7 2 0.71 

6.1 2 0.94 
0.3 f 0.2 
17 2 3.2 

2.6 2 1.3 
0 

2.1 f 0.64 
1.9 t 0.45 

3.8 t 0.88 
3.0 i 0.84 

0.5 t 0.2 
1.1 : 0.52 

1.3 f 1.0 
3.0 i 1.1 

1.9 i 0.92 
0.6 i 0.4 

7.8 f 1.8 
8.2 2 1.3 

4.3 t 0.79 
2.5 2 0.58 

1.4 f 0.89 
2' 2 2.4 

1.1 2 0.64 
0.8 f 0.3 

0.9 f 0.5 
1.5 i 0.39 

0.4 f 0.1 
0.6 2 0.3 

4.0 f 1.3 
1.2. f 039 

LANL 
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Location (see Figwe I ) 

ClJrL. SrJtiun 1 IN w 
2rmE 

HiLo 36 mi V 
15 rm S 

Kingman. Arizona 06 rm E 
I6 rm W 

1 rm N of Airpon Baker. Cdiiornu 
6 rm N of Airport r. II 

bath Valley Junction. 1.4 mi S 
California 2.1 rm N 

La5 Vegas 3mw 
5 m sw 

0.7 2 0.4 

1.0 2 0.5 

0 
0.2 f 0.’ 

4.0 t 0.63 
0.5 r 0.2 

1.8 f 0.70 
0.5 i 0.2 

‘This RIUIL LI under qursuon. Another sample rvlll be mrlyad. 

sample was collected from a cultivated kid KI which 
plutonium wu found, however no plutomm a~1 found 
in the barley growing there. No data COn~btIOM have yet 
been made between rhev data and dru generated dumg 
the test penods when plutomurn was known to haw hen 
released It is noteworthy that (manrop Wells was u1 or 
near the fallout pattern of many of the Hardtack, phuc 11 
expcnmcnts and Butler Ranch lay UI the fallout pattern 
ut the Smoky Event of Operntion Plumbbob No analyses 
capable ot dettnlnp specific orqpi of the plutomum hvc 
gei been attempted ’The locations wpkd UI thu survey 
which showed plutonium do cornadc wth fwion product 
tallout patterns defmed for the above mctnuoncd test 
series 

This prelimnary mfonnation shows there u detect- 
Jble ?u in the areas around the Ne*rdr Test Site and 
point out four general areas for further study. Thew areas 
ire Lathrop Wells, Goldfield to Scotty’s Junction, 
Penoyer Valley to Revet& Turnoff, and Butler Ranch. 
’The tughest deposition of % is northwt of the Nevada 
Test Site with the second mest depomtion bemi south- 
west a defined by thrr survey. Vdur range from 
130 mCiikm’ ro background. Samphg wrll now be ex- 
panded m these four areas to defme dbtribuuon patterns 
as they now exist 
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CONCENTRATtOW OF PLUTONNJM, COBALT, AWD SILVER RADIONUCLIDES 
IN (ELECTED PACIFIC SEAWEEDS 

lntroduaio. 

Recent muunxatnts of nnrine mphs have 
demonrtrat8d that exceptlodty concentrations of 
plutonium pIe to bc fouad in N-.'* 1; is rkdy 
evident that the high concrnvrtkm in auweedr nuke 
them sensitin mdicatorr of dunpa in plutonium in the 
environment. ad that relatidy prrll mmpkr of ma- 
weeds that are, in many am, ouy to CoUIct and an 
euily be anrlyord with pradrion. Nmnhohs, the pluto- 
nium concentntioru in only a few of the various known 
species of algae and mrrine have yet been meal- 
ured and mmprnd with ConaatraUOnr in their rnwon- 
mental sa water. For -0, rehtivaly few mowre- 
mcntr hvc bem made concemhg plutonium in the red 
we and in the marine pamea urlni in relatively uncon- 
taminated oceanic environmnt. 

It is !he purpose of !his paper to report fmding, of a 
preUminuy survey of plutontwn conantrations in a few 
seiected orglnism collected ncentiy dong the cout of 
Southern California. The runpkr include rnnl species 
for which no previou studies hrve been made. Ah, some 
identical species were collected in inrrl different marine 
envuonmentr for comparison of their plutonium con- 
tents. Wherever possible. conelrtlons have been made 

b8t- @UtONUm wnantrrtton, found the Speck, 
and the concmtrniona of cortm 0th nuclides that have 
boon found wful m tho put for morutormg the progress 
of rrdmaive con(Imtmu from fallout and from 
c0rrUl (md dupboud) rrcton. fhcrc htter include 
yo, 90, and a few other gamma-enutting 
nuctides. 

It 1) apparent tlut my of the seaweeds may be 
wful u mONtOtl They UI abundant, several species are 
wdety diruibuted. thy urtully mry be collected near 
sources of poUutlon. reactor diKhrgc ppr, and sewage 
out-frll. They mtegrrte effects of environmental con- 
ununamm, dcpcndm upon theu life spans. for periods 
of Ico, th8n ont you to mrc thn 24 yeus ' 

Thrr pnfuninuy temlu tend to emphasize that 
wrweeds be still more useful if more were known 
u to tht nta by which tncc elements were accumulated 
by the separate pntrr ud species. and also if more were 
known about their resporucr in different environments 

Twelve rpecier of mweed were collected from rive 
stations along the coast of Southern Cabfornu as shown 
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in Fig. I. Certain samples of the same species were also 
collected from different stations at different times to 
sheck for variation of plutonium concennafion as a hC- 

rion of geographic location and collection time. All these 
samples were coUected between Dccember. 1970 and 
July. 1971. 

The detailed analytical procedure hu been fully 
described elsewhere.' The collected samples were wpa- 
rated and identified by genera, then washed in sa water 
to remove sand and loose forelgn materials. The wet 
samples were weqhed, dried at IOO'C, and uhed to 
constant weight at 450 to 47S'C in a muffk furnace. The 
uhed samples were dissolved in HNOl.HCl and qu 
tracer was added to YWC as radiochemical yidd monitor. 
The plutonium was separated and purified by anion ex- 
change column. electroplated onto a stainless steel duk, 
and deterrmned by alpha spectromuy . 

Results and Mrwion 

Table 1 rummarires OUI data on lrmpks collected 
from the coastal WUCI of Southern California. The 

Lo. 

8Y - 

concentration of %J and four gamma emitters ire 
shown 

The samples are grouped uparately into red dpc 
brown algae. green alpe. and two kinds of marine grasses 
IO that rheu behavior an be discussed separately 

It a pears. from Table I. that there is 3 wide varu. 

rrweb Also, vuutions by factors from 3 to 5 have 
been observed wen when the nme species were collected 
at different times or locauonr. 

It my be noticed first that the tughest concentrr. 
mn of nlr/'% are auocuted mth a11 of the samples 
that were colkcted dunng the penod of June 21 LO Jul) 
4, 1971 Thrr nrwrts that a new source of fallout has 
been encountered this yeu The concentration of 'yo. 
'OCo and "Om& in the samples. however, do not corre- 
late wth the YIM uIcr#w tn % or %i9'Nb active 
mer. Since 'yo, "Dco and "Om& ue believed to have 
been released from the Sm Onofre Nuclear Power Reac- 
tor (collection nte B in Flg 1). hr negative correlation 
of To in these sample sugp~u that the new actlvlty did 
not corn from the Sm Onofre effluents. 

Further examnation of the samples contuning the 

tion in & concentration among the different species 01 
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TABLE i 

RADIONUCLIDE CONCENTRAnONS IN PACIFIC SEAWEEDS 

CoUIctkn 
Date she ''omAS *Pk 

Red Algae 
Glidium sp 
Gechbum rp. 
Ghdium rp. 
Amphuoa sp. 
Conlllna sp. 

Brown Ape 
Macrocystu rp. 
Macrocystis sp. 
Macrocystis sp. 
Elvnu sp 
Eivnia sp 

EVW SP. 

Egnm SP. 
ZOrulra rp. 
ZONrU Sp 
Sarpuum sp 
Sargassum sp. 
hctyoptenr sp. 

Green Algae 
Ulva sp 

PhyUospadix sp. 
Phyllorpadix rp. 
Zoltera sp. 

Surf Grass 

12-12-70 B 
12-12-70 C 

7- 1-71 E 
6-30-71 D 
3-30-71 B 

0.58 f 0.07 
0.42 i 0.04 
2.20 f 0.15 
2.10 i 0.20 
1.48 f 0.15 

98 10 
c3 3 
<2 9 

950 46 

- - 

12 
<t 
<? 

41 

- 

<4 
c4 

930 
780 

<4 

Apr. 64 C 
6JO.71 D 
7. 4-71 A 

7- 1-71 E 
3-10-71 B 
7- 1-71 E 
3-10-71 B 
7- 1-71 E 
6-3&71 D 
7- 4-71 A 
6.30-71 D 

Apr. 64 c 

0.71 f 0.Mc 
0.71 f 0.0s 
0.67 f 0.10 
1.00 f 0.osc 
2.8s t 0.25 
0.44 f 0.03 
1.55 f 0.09 
1.65 f 0.19 
5.50 0.30 
0.52 i 0.05 
0.72 t 0.25 
3.70 t 0.20 

.. 
540 

.. 
<4 
290 

92 
308 

910 

-- 

* - - 
c 2 <2 <2 

129 6-30-71 D 1.20 * 0.40 <2 6 6 

3-19-71 B 
6-21-71 C 
6.3071 D 

0.61 f 0.03 
0.90 f 0.12 
0.68 t 0.08 

960 61 
C 2 18 

93 
<2 

<4 

41 1 
200 

mest concmtratlon chly rbw thrt the pertust 
mrew in "Zr activity WII rehted to the vmplhg ha. 
tion neu Cororudo ktnd 88 3Klwn in Tabb 11. TU u 
consscent with geogapluc vubtbru found in earlier 
ttud~r of fallout carried out m rurfro mawatw wit of 
Califom UI 1964.1965.' For oxmupb, Trbb Ut ahom 
that the %I concentration b\ mmtor inmaud by I 
factor of 3 between umpk coktd from tho Scnppa 
Pier and thor collected lo& from the mast. Since 
Coronado lrhnd IS about 8 mUer from tho COW. the 3 to 

5 fold increase of %J conmuation in the maweeds 

colleetd thm cormpond8 with the expected hrgher 
plutoaMn amceutntbn in tho minter at thu distance 
It rhrt for don pmods after mw global fillout 
OCEIMS, thm b an upwad went of lrUout concencra- 
twwu LP thr surface mnta u one 6- westward from 
the w. 

Ona % m#(unmmt of rr water from the 
Scripp ?k ma mrdo UI JW 1971. A concentration of 
0.16 f O.OrdpnlI00 Htrs vu found. Rw IS nearly a 
fmor of 2 wr byn the vdue found m 1964 Thls IS 

llrO tn -nt ntb the mr "Vu concentration 
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TABLE 01 

Scnpps Pier 
32'4dN I16*30'W 
3Sa I2'N 120'5t'W 
34' 16'N 1 20' 03'W 
33'49'N 121'5uW 
33'50'N 126'35'W 
33'00% 132'30'W 
32'3dN 133'00'W 
30"N 140"W 

(0.2) 
10 
30 

100 
300 
700 
720 

1,100 

obwrved UI the +awed from Corondo irlad. if, u we 
khtve. the pblomum amanmrka h tha am water rill 
incream wawdly or it dld in 1964. Ulh#tW nw vdur 
of PPU concentration for tbr cou~l wrwt, the conun- 
txation factor for the Southnn CIylornlr rmods ruyc 
from 260 to 3500. Tbrr dua fall wlthfn the data 
obtained by PUai' and Nahkto.' 

It is interestins to note tht the h@at cononna- 
tion of % cwr found WM in the North Athntic 
Squararrn as shown in Table IV. On rbr other hand. a 
Pacific tpeae, of -turn vu found to be one of the 
lowest concentrators obsrwd in the pmnt study. It nll 

0.04 - 12-46 

0.1 I 9 .I 16 
0.1 1 5 .o 9 
0.14 19 27 
0.15 37 59 
0.30 57 66 

0.26 .. 
0.30 37 48 

be noted h Tabk I that another brow algae,  om. 
nr the bighat mncentntor found VI this study but hgh 
conamrations wlt found in red and green algae and also 
UL the two mubw qur. lhir example further Illustrates 
how brd it it 10 pnerrllze &out the behnor of pluto- 
nium in the mame environment. 

Co-a and Fut~ Work 

Thr rmltr obuincd io far from rtus study pose 
mote questions than anaweis concerning the interaction 

Blue Mwel (MytiIur edulia) 
Blue Muwl (Mydtu edulir) 
oyster (chwr virghia) 
Scdlop (Pectem inrdhu) 
Scallop (Pectem urrdirnr) 
Scallop (Pectem irndirns) 
Stufuh (Artems forbma) 
Kelp 
Staghorn (Cadium fraqlc) 
Chondrus cntpus 
Fucus n~rculdr 
Axophyllum noduum 
Ssrgavo Weed (krpoum sp.) 

36-97 
89.98 

hdY 19-3 I 
Adductor murk 2-1 

shell I IS 
hody 167-220 

20 
39 
76 

I39 

MY 
shell 

78- I3 I 

126-30 I 
124.18. 500 
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* 
ut' the environmcntsl plutonium 2nd seaweeds. AS indi- 

c;lted eirlicr. th~s IS only a prel~minoq study by which we 
hoptd to rue uvful questions. 

We m3y snclude then. that all species of seaweeds 
concentrsre plutonium md that aawcedr may be 1 KMI- 

tivc indicaior for the detection ofvuurions of plutonium 
~on~entr3tion in the marine ennrcnmcnt. also, further 
work should be done to condate plvtoruum oonccnua- 
tion between sea water and 3lpe. and that a more com- 
prehensive survey of the marine enwonment is necdd. 
By comparing samples collected nar !he nuckar phnt 
with samples of the same species on other coastal cokc- 
tion sites no evidence of anomalous z)lpu was found near 
the plant. and definite evidence was found that To, 
To and IiomAg had been coming from the phnt. By 
comparing different species collected near the nuch 
plant. the red algae. Gelidium and Cbtnllinu, and a surf 
grass, plr?rlfo~podix. accumulate Ucr concentrations of 
cobalt and illver radionuclides than did the brown a@. 
(It is interesting to note that one spccics of sea hue, 
Apbsio culifornico. that u believed to prefer red rlgae as 
food also shows hagher concentrations of "Co, yo md 
'lomAg. Typical concentrations were: 2200. 180, 
260 dpmlkg wet sample respectively.) 

Besides the accumulation of more data from anaiy- 
su. we believe certain controlled experuncntr should be 
set up 10 study the rite and mechanism of plutonium 
uptake by sea plants. it appears that more experiments 
similar 10 tho* done by Ward (1966)' arc necessary to 
establish quantitative reluonhips. We hope to make 
future contributions In thu area. 
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RfCUWEN8tO)l OF PLUTOWLMC239 IN THE VICINITY 
OF ROCKY PLATS 

Iwrodpctbn 

Following the May 1 1,1969 th at tlu Rocky Flu 
plutonhrm proceasing phot, rad rho publcHy mad 
by R Mmell'r demonmrtbn of In tb mil 
off the plrnt site,' the HrW md May kbaltay 
WL) undertook a pmp~ to mdy tbr bltrkbutkn 
and tnmtory of '% in tbr UI. IhL audy wu corn 
pkted and pubUrhcd tn Aum 1970.' In aumnlry. rt 
wu found that the most wU& mute of the offmte 
plutonium ut the enwonmnt wu the bunk of con- 
urn17 J oil rhrch hd ban rond on thc routhart 
corne t the pknt propmy, Ipd which wn known to 
!we Ieaktd. Ihc pattern of conardnrtkn oa rbr pound 
was gmrnlly campoirbh with tho am wrnd meton in 
that reaon The upper limit of rhr bwtory of offstc 
'Jcpu ottnbutabk to conuminuion from tbr phnt y11 
found to be 5 8 curies. Figure 1, from the rrport by Kmy 
and Hardy' 18 a contour npnrntrtion of the % 
btribution m the Rocky FLtr am. Tb mntoun are 
lures of equal %I depodt h unlll of mCUkm' It mma 
clear from hi. 1, that the LwL off the utunl 
plant pmprrty are predominrndy to the east and muth- 
cart. with the hor spot u drftnod by tho contoun, )u1r 

adjacent to the area whew the k&h# drum bad been 
stored 

SQOS rhc avrflr~~ evldr~ w~td thnt ths ofr. 
at. plutorJum oon~mtnrlion war not a result of the fire. 
ud cdd k tonody mnrlrted with the average wind 
prttocm, tc IUIIM nu~~bk to mame that raurpension 
rad rmrporutkn by rhc wlnd vu responsible for this 
pound drpoit. Hmer, tn mid-I970 we re1 out to obtain 
data on nrwpmrron of plutoclium in the Rocky Flats 
ma. 

WbrludAatyeir 

We started dth L @e ampler placed as close as 
porrsblr to the am %+iich we believe to be the soum 
Thu ia tbe )o albd Pad, where the barrels had been 
noted. Ib r@n b r standrrd HASL surface-air pro- 
qrm -8 Cowemllk blower. Uung 8-in.diam MWO- 
=ban Mtn ppr, we mutincty sample continuously for 
L week at UI rvtn), flow ntc of rbout 1 m'/mm. Figure 
2 &on tbr nmpkr tn a typical bunred housing on the 

roof. At ftnt the fllterr were cornposited into 
month& pupa for amlyrh. then, starting in the late 
summrr of 1970, wekly nmples weit analyzed All 01 

the rmplrr hn ken analyzed for both m''~u and 
*%, undrr contract mth frrpelo &vision West. of 
Richmond Cabforma. 

LkNL 
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Fig. A 

RcmJcr md Dbcurkn 

Figure 3 Jluttratrr d of the rnw data on % 
concentrations UI the PLI nemr Rocky Flab, u a funcuon 
of tune. The concentrations vuy over more than a factor 
of ten, m the wnlcly nmpkr, with a low of about 0.3 and 
a hgh of over 6 fCdm’. A moothod vrrdon of the data u 
&tuned by aver4ing over each month, as shown by the 
Wed curve in Fig. 3. Herr, thre apparr to be a 
downward trend throqh the sumrr. rnaaanq as the 
samples get mto fd and mter. Thrr u of coum quahta- 
nvely correlaubk Wlth wind mtenntia at Rocky Rats, 
and more wrll be said about rhb in r later rcctbn. 

In Fig. 4, the monthty Rocky Rats UI concentra. 
nons of Tu are compared with smlu data from other 

sites in mid-latitudes of the Northern Hemisphere. Clcariy 
the available rerultr from Denver,’ New York City? and 
lqrr, Italy’ are similar. All three extubit the expected 
SOUON~ variation of worldwide fallout, coming down 
from the rpringaummer peak, to r wnter tow. The tu&- 
est vdw rt any of these three rites. in this period. was 
about .13 Kilm’. The Rocky Flats results are quite 
obvlody grater by mort than a factor of ten. and 3s 
mentioned, indicate M almost oppoute seasonal trend 
The rather obvious conclusion from these graphs. is th3t 

the air near the Rocky Rats p&nt is defitely conurnin. 
ated, and that the concentrations of plutonium ?I rtus site 

are a factor of ten or more lugher than one would expeit 
from worldwde fallout. 
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m. 2 

Now that on the de of Wm’ of air, u ahown on 
the prph of Fig. 4, the rpurtmurn prnnlrrrbb conantra- 
mn (mpc) would be 60 uniu. Thic u the tacomended 
led soluble plutonium with bono u the critkd organ, 
for nonoccuptionrl exposun. So, on the averqe, this air 

at the edge of and downwind of, the contunrutcd area, u 
running krvwn &out 1 and 10% of the rnpc. 

Another mehd of showin8 the prabable wurce of 

vim.uwm ammenurn L. a&- .IS 

4.1 

the plutoaum ~1 the ai near Rocky Flats IS bb ubc‘ 11 :-: 
ratio qu/?u AS Dr Huley pointed LIU~ in his prebtn- 
tation. there was a characterutic 238 239 r3uo iii the 

armorphcre from weapon, tests prior to 1965. this NJS 

about 0.03, whch u also the approxlmare r3uo or 
wrponyrade plutomum. Howcwr, when the SSA.Pp.QA 
power source burned up in the atmosphere. in 1964 
mu& additional %I was added to materiall) increase 
tbr mtm m surface pu from 1966 on. The ratios m the 
Notthem Henusphere wre summnzcd in Dr Harley s 
Trbk IV rbowng a pak of about 05 in 1967 Table I 
UU the mtt ment data avrdable from our surtase air 

SWJ, bnw’ and bp,’ for companson with the results 
on Rocky fits samples It seems very dear. from these 
nlwc, hat nup 4 tly plutonium m the air 3t Rocky 
fhtr bu rbwt OM third of the ratio of weapons-gradt 
pLutonkrm found m worldwde fallout So, again the 
r*ldmcr rvonlty armsts tbrt for the most pan pluto- 
mum LII surf- ut mr rhe plant. u contarnmauon that 

the 10urcu u the pad ua. just west of our simpler 
Addditiorully, the surface w in Denver appears to be 
unconumwtrd by plutoruum from Rocky Flats. ai leasr 
to he degrc of the mrittnty of thrs rauo. 

Perhaps the best endence that resuspension is 

playmg a major put in the elevated plutonium levels in 
the surface au nw Rocky Flats, IS the relationstup of 
theae drta to the winds. We hive tried IO correlate the 
conantrrtion results wth the available wind dats ob- 
ulned at Rocky Flats, in numerow ways The problem in 

thrr wrr of excrcuc, rhnt the shortest penod of our 
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TABLE I 

u8Pu/u% IN SURFACE AIR 

(Man values for the hst tmtl of 1910) 

Mooronce. Onr3riu 
New York City 
Sterling, Virgnia 
Miami. Flonda 
San Juan. Puerto Rico 
Denver, Colorado 
lspra. Italy 

0.08 
0.1 1 
0.IO 
0.08 
0.08 
0.09 
0.08 

Rocky Flats. Colorado 0.03 

102 

sampllng u one mek, hence we haw 13 do a lot oi 
averagmg of the mnd data. and tb may rend to ublire- 
rate or mark any conelation. We have tried correlating the 
weekly prutonium concrntrations with such dungs as 
mean wnd sprd, plk gusts. mean weekly gusts. number 
of hours rn the ssrnpiq prtod that the wind exceeded 
VUIOLU rpcb, etc. QUJIU~IHIY. most of these wmd 
pruneten indiatt some correlation wth the plutonium 
in he air. For exunpk, Fig. 5 I( a piot 01 concentration 
data n. mein wnd qad, for the one week nmphng 
pmods. In chis plot H brrr dlfforcnuted between urn- 
pkr colkctrd UI tho murunat (opn arcles) and autumn 
(dad ardor). WN, u nod on the Fipre, there is a 
rather monp difimncr in the cornktion between the 
Runnnr nd fall data. The ltntlr oonehuon coefficient. 
(r) b only 0.18 for the rwumr moattu, mdtcatmg Me if 

my corrshtion, while the fill dau (r = 0.8) are hghly 
conrhttd. Thu u not euy to explun. wth the type of 

PIG= 5 

a 

0 

0 
0 

0 

OJuly - Iept. 1970 r m .18 

OOct. - Doc. 1970 r I .83 

1 2 3 4 5 6 7 

fCi per cubic motor 
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vmpk md wmd input avrJIblc to w. It nrLlrsu to mc. 
that VI sumr. when the nnds m lower and less vm. 
able, the resuspension u probrbly more directly related to 

rhort term meteorobgicrl vmrbks. not as yet ohow to 
us. In the fd, however, rhe pod conehtlon betwrn 
md and plutornum concentration, even on ttU, buu of 
rwnp weekly umples, sem to k rttribuubh to the 
hgher aver+ wid speeds. We can rlmort tecogllu tho 
emtenfa of a thmhhold at approxbmtdy 8 mph, arty 
one of the ~urrmwr mpks aver@ rbow 8. while rP 
but thse of those uken ut awm -re rbon 8. SLnCc 
enn the wmnnr umph UI ailkrmtUy rborr the 
failout Ienh. it mm u tho* there my be tro 
medunlrm mmbd m the murpmrlon. OIY opera- 
kbw about 8rnph. and not ob*loudy cornhud, and 
another which mlt: in good Knur cwnlrtlon, a! mean 
wnn& above about 8 mph. 

For compkrcnsrr, 1 fod I mwt mention IIYI. 

pmb~ /urn, rhhoi&~ 1 ..rlh, qurrtbn tbe urrfulnat 
of tht, concept m context of tbe Rocky fiu mturtlar. 
RNlc facton are drnwd by dMdtrl the pound dmt. 
mto the UI concmtrnion. rich am in the &om of 
units. For tbrw typm of ndkwtMy surpmrion 
studies, we M urn Silrn' out dVds. But. impkit in 
the we of them futon u tho uumptlon that tho rlr 
conmtrrtiom obanrd we drlvrd or nhtd to thc moll 
concentrations. Since, in the am of OUT rh wmpltng. the 
gadicnts tn soil mccntrabon mn my curp, and w 
hd ut fact find subntll pmatratkn of plutonium mto 
the mil. the simple um of the myradon factors IS of 
doubtful value. At my nte, at tho mta of our xu umpkr, 
Uung the mod dru reported in HASL235' a numaon 
frctor of about IV m" was cdcuiwd. In rn~rhrr ex- 
pcrunent. which wffl not k Cornpiruly &Id hem, we 
preucd rocky paper to he rof surf=, uum that the 
frne putick, wNch wm retri#d m#n appmxlmatr the 
readily rerwprndable *ion of &e soil and ptutonium. 
uanl the results from mpk u the daomiuator, the 
nsuurpcruron factor approached 1P. Both of than vdum 
pfe UI he ranp of rnurpmrlon fmon reported urkr 
from both txpemnmtrl and thrrortkal conndmtlonr. 

We hvt kgun stubas on the particle sue of the 
vrborM pltlculate, nu tht Rocky Flats plant The we 
of the plutomum pnrch and rvhether 01 not the) are 
attached to lrwr bar putides arc criucd factors in 

fWly detemrun~ whether 01 not this observed resus- 
pennon u a potmtlll hazard to muL. The mirial work has 
ken unlrd out under antnct wlth TrapeloiWesr Very 
pnLrmnry mults wt that the rqurwlmr dipmrm of 
the hot pntcks rrrwd ku thrn 0.2 pm. We believe. 
at thtl time. cbrt &e @utonium u associated with host 
put~cbr of 

Our pawn! #un ue to continue the or vmplmg 
at Rocky fit& rlrpndlnj to a feu additional pumps. to 
drfh hr domwlnd prdlmt of plutonium m the air. 
and to ut8WIh (orno data tn the nathern and southern 
dittctiorrc. The audh of pttidc dtc of the rawpnded 
plutonium will k conttnud md nflned as some new and 
better qrupnsnt kcomu avulbk. 

dLmrtrr about 10 bm. 
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klvr to rl* kq XrJth md Wcty." Colorado 

Corrmttm lor f.droarnol Inlormition. Subcommtttr on 
Rocky Flro. Iwldrr.Co(ondo. JMUUY 13. 1970. 

1 P W Kw md E. ?,,-. It.. "lluronium m Sod Around the 
RDdry FhU ht, USAEC Rwt HASL.235. AWUS~ 1. 
197 1 
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Inaodunlon 

Since starting to deal with &tl about ptutomum in 
the outdoon I haw lunenud bodh the v8zUUty of be 
data and the puaty of pmdw cotuhuiom rh.1 htmbun 
offered concoming the dbalburkn of phrtoalum. Of 
coune, put of thrt vuirbntcy nu). ftom tho M~UW of 
the duprruon. Not only mull wa Hw with that but it u 
the wry ttuna we muat dnaibo. an tool dut sa far 
seem very pouorfd in hen- WrJurn data s prob- 
ability papr. Today I wilh to 0- tho tachnlqw, to 
demonstrate how it is rpplird to rd dau, md most of 
all. to how that the datr mly can arpport concue 
conclusions. 

Dkusrion 

Fint, lot's look at rom dtemrtivr nys of pktting 
the Ltr while uiq I rutWkrl poht of vkw. Any poup 
of Ltn will have an an- valw and8 dep@ of VIII~. 

don. But we my ham to much a Uttk to tlnd the best 
wry of qurntifying both the an- md tho vuutlon. 
Thu fist slide show, four waya to drrlbr the umo drtr, 
but the four ut not qudy urful. The prph in the 
upper left reprents the mdytial data for plutonium 

that we haw to deal with. The &U conw an excess of 
hrp nluu on? Wht! r mal dlrtribution would con- 
M. Actually, maad dbtnbutions for the analytical 
nluu lhould k expcted for trace rnrtenak anywhere 
mco UIO concentration 18 in lmpodblc boundary Clear- 
ly, rba a aar- or a - distance from the 
awm vdw turn out to k I ntplln concentration 
our p4nt of vkw cbould &ve wme mow ad~usimm t 

If tho data m truly homogeneous. then some 
mrthrrrraal trdomuion exim for which the trans- 
formd nlm aro &uibutod normally. FinQng that 
pmpr QMCwmtkn b .rmtul. T)~D paph u1 the lower 
left (Fit 1) cormpndr to thr drtr after J proper trans- 
fmth hc ban mr6. Thw tnnsformed, the data are 
drurlbutod norrdly md thon (but only then) do our 
notmu about urd urndud &nations become 
qppmprtrw. Tryln@ to plot I Gumn bell-duped cum 
from omwd bu n oqmiw MC several tens fa 

hum of dru m nqrdd for my kmd of precision in 
loa- thr actual ppdtion of the cuwc Howem. by 
rdfurtbg th8 da of our plats we an get along with 
fewer &u. 'Tbc gmpb in tho lower r&tt (Fig. 1) involves 
cumulrtlw poront and a few tens of data points will 
dcftnr it nicoly. 4th- its cwvad lhap leaves much 
room for pntlemanly dhpemmtr about whether devla- 
DON from a true swmd shape may be rncaningt uI 
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The prph on the upper right (Tu. 1) u the kmd I 
wh to focw on throwout the rest of th. ulk. It o 
denved from the lower r@t vrph by mphq the cum- 
lative percent anr with I probabdity &. Ih, probabrl- 
ity scde u one whrch IS linru UI units of Iundud der- 
tion rather than m uniu d cumuktim pnmt. 

There art four very corvldrnblr rdrultr(rr rn usutg 
tlus lund of plot. Fim, the pbt will k haat whrn the 
transformation of the drtr doa ylrld a sundud dirtribu- 
uon. Second. the quntion of hmty my become 
anrwcnbk wth as few u tea or nvoln dru pohu (and 
wth twenty data pomu one can rquin XXIM red confi. 
dcnce) Thud, the mean vduc for the &u u even by the 
zero-siv mwrcept. whxh litt UI the mddk of the amy 
of plotted pnts. Fourth, the rlopc of the my u the 
rundrrd dcvunon. Pnmanly, thu plot u a tea for as- 
sumptionr we mke about the ~AU. Thr ltnrnty checks 
whether we made pod choum for the truufomtion 
and for the dtrtnbuuon type. If Lnar, the plot fives 
brectly the two most Important luwticrl puuneten. 
man value, and standud denroon Some convenient 

/ 

prph papon arr rvrJIM0 commorculiy wtuch have a 
normal (Gaurum) probwty rdr along the honzontal 
UOI. tbr vrrticrl LXU u vrnourly knur or logarithmic 
Exotlc (aonGaurun) druibubonr IS well as normal ones 
w concombh, lad thr techmquc ~pphes to them all 
~4th e@ nli&ty. Our pb IS to find the combinattor. ot 
dwnbution typ and dur tranafornutmn which yield a 

line my. Many wu of (eochcmicd data have 
ban found to yield ltacu plots when I bgrnthmic trans. 
formation Lc combined wlrh a Gawun probability scde 
ad thrt u rhr cornbutton I wli ducw hereafter The 
brtnbution IS commonly Urd log-normal. 

Lforr n p furtbrr rnto lopnormal plotting ot 
data, 1 wrnt to tncrodua I rcond concept whtch also can 
be uawend by lnpNai trchmqucr Multtple sources ot 
plutocuum mult m mrirppdnl dltrlbution patterns and 
put of our job b to And the MU of the overlap Local 
source: like Rocky Flru md LOI Alma ace super. 
impaed on the world-ndc fallout pattern, but the 
world-wde pattern IS i-lf a compoute. In order to 

dercnk accunte!y the gmgrapkc luniu of iocd 
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iontamnation. as wtll as to take mnntoy of the pluto- 
nium we nnd methods Vmifh ~n ckdy dotnguuh 
supenmpored dlrtnbulim. Graph& method, are prr- 
ferred for thrr 1st uJC MQ dacrtbmg the em of 
anomalous areas wtll mnvolw subjectwe dedonr. AWL 
probabhty plats a@ wful. tt’a look at OD 8XUnpk. 

The data shown m Fig. 2, m from kdth and 
Safety Laboratory (HASL) Rmport 235, arid mvolvr 33 
soil samples taken in the Dmm ma. Fht, tho data are 
arranged UI rank OTdW and r percmth Y computed for 
each datum. When the piottiq L) compbu w YI two 
&tinct legs md conclude oilhn dut thr data m not 
dutrtbuted log-nody or that fJwy u) not a homo- 
pneour collection. But we don’t nJy rxpa tho data to 
be homopenmu anyway sna tho rawon rho mrpb 
were taken in the fist pb vu to fhd out how much of 
an effect Rocky fiu rwu having on the piutoaium m- 
ventory ntll hnvrr. 

From the plot yt me drat rbo two @ inmmct 
near the value 3.0 mCUkm’. Using rhr 3.0 mCikm’ vllw 
u a cntenon, the 33 data CUI be riepted into two 

(unqd) sub-group, each of which can be tested :or 
homoprurty by replotting u two vldepmdent dirtrtbu- 
nons The lincu plots m Fig. 3 affirm both that the 
io#-nonnol plot u rppropnrte md the the rwo goups are 
homogrncoru. From the arwt kmr we CUI escrnate 
rmrn nlur and standud drvuhoni AdQhondly. the 

nrccrvful rpntion of tho bulk data tells us that the 
vdw 3.0mC~/km’ u a pod boundsry contour for the 
kky flru dy Only I mdl portion of contamin- 
rod mne would dww r vdue chot low and the brck- 
Fund *rturc hvo a fur dmce of kmg that hugh 

An Laportant -nt of thrr hnd of data analysis 
n to -1 tb, bta rn poupe not u indrndurls Indeed, 
my I&#C dytlal vrluc rhould k considered as mth- 
out mrdq whrn by iulf. All meaning comes from the 
rottioarNp umn) dum. ’fhur, distributions are the 
prjnury objocu to b hkd. 

bkhg mnrfomutlom of axidylid data if an un- 
comon pwtice rppumtly. but it is both useful and 
ad. For bmQy distributed soup of data such as the 
mot contonc nrbgroup of the HASL data, and ais0 

$OOO[ 1 1 1 I 1 I I I I I I 

+ 
500 
300. 

100- 

50- 

30- 

10- 

5- 
3- 

SUPERIMPOSED 
0 I STR I 8 UT IONS 

33 1.13 3.0 
18 2.0 6. I - 

2.0 9. I 27 

SAFilPLE VALUE PERCENTILE 

-- -- -- -- -.I -... - 
7 480 91.0 .I 

8 630 
6 1950 

97.0 - 
- 

I I 1 I I I I I I 1 I 

5 IO 20 30 50 70 80 90 95 
CUMULATIVE % OF SAMPLES 

Fi. 2 

I07 

00130422 108 



100- 

50 - 
30- 

10- 

5- 
3- 

TWO 
CONSTITUENT 
0 iSTRl6UTlONS 

HASL-235 
4 i t I * I . I 1 I 

5 IO 20 30 50 70 80 90 95 
CUMULATIVE % OF SAMPLES 

I1 

ochers that [ have studied, it can be shown that trerting 
the anJyucaI data as nomUy &HbureCl is rimply not 
valid. Therefore. condusiona bd on awra@q the M- 

aly tical vdum can be wriourly in enor. 
Wch transiomtion of the data u kt can be 

detemuned only by trial and enor. wy, m cannot 
prove that any vansformrtlon is proper. but we can show 
when a particular uuuformrzion ia dqurte. Pmrluly, 
we can show that making no trursfomvtion is sornebmes 
inadeqrute. Figure 4 Bw the rmlu from testing e@t 
sets of plutomorn data and one wt of '%r dam for 
distribution type, arilhmatic or lo#uirhndc. A W-test WP) 

used to estimate the probability thrt the urumed dis- 
tribuiion is adequate. In all cam the poup of dat~ show 
a hgh probability of being laaomvlly brtributed. In 
half of the xu the uithmetic.normd distribution ob0 has 
a h& probability of bmg correct, but in rho rdning 
four caw a pmumption of uithmrtic.nomul dbrribu- 
don ~s'not wananted. The presumpuon of log-norml 
distribution is never a bad presumption and is nmr wofx 
than the presumptlon of arithmetic-nomul. Often it LS 

Fig. 4 

0.099 
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0.91 
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much better. so that in cases when w do not know what 
brtrrbution type actually emu pmumng a 19.nom 
drsnibution is a pod rtntely. Pmm the drt8 arc qute 
variable a (loganthnnc) trandomtion is drfuutely new- 
rary 

Wen data art transformed n lhould be careful 
about our interpretation of the term rn- The mean 
values mdctted by the 50% lntetccptr are called 
geometric-mean values They conelrte wlth the mdyncal 
values in &at the geometric mcm ts the rntilg of the 
anrhmetic mean of the logarithmc of the uu)ytial vrlm. 
'Ihur. we Bould uke lgulthmr Mom uhg r-. 

For the we of bpd &trlbrtdOnr, we rbo 
should cuefully emne our intwpntrtlon of the stand- 
ard denation. The unit of dope & i logad pbt 
lnvoivtt a bpiithnuc mcreawnt. Thus. he run(ld 
denation u a multrplitr of the panemc-mrra nl~. It u 
not m mcrement of the analytical vdur. 

One more important pornt concerns the doper 

10.01 1 1 

.I 

ysoflzted nth logaonnrl plots. Iht slope IS related to 
the cornponenu of vmmce as shorn in Fig 5 Since the 
wunm ace rddttive, lw vmne m either wnphng or 
uulytu my muk rhe v~~unct of the data 

An cxunple P wtuch !ha$ problem d ems to east is 

from dru npotad by Colondo Comrmttee for Ennron. 
mend lnfomtion (CCEl) (Fa. 6) When plotted on 

lopprobability p~pcr the dru ykid a ungle linear may of 
h~* slop. Thc UaFJUrty d dope suggests rhar he data 
an hom@enmu. But troqaphkally the data mvolve 
11w at Rocky Flrta whkh Ur both made and outside the 
coatun~nrted yea. Clona, the CCEl data should be ex- 
mud to how two k@ wt 8s HGL data drd 

my &m the CCEI &U not demonstrate a local 
mcmmat of plutotuud Rottmg it topther (Fig. 7) with 
the HUL drp rupru &hat the vimnces due to anlly- 
tll and pro#crm my bw masked the funda- 
mnul ntmor. 'hb rhJlow aunpkr of CCEl ynlded 
only a a mu& ptutonlum u did the HASL back- 
qound rmplrr. Th6 CCEI stmdud denrtion w more 
thu! me rimrr u tup u tht for HASL background, 
and rbout tbe sum u the HASL standard denation for 
the Rdcy Flrtl It would rem that the vwnm 
zaodatd with the CCEl data u too larp to resolve the 
ddyhl mm of the backpound ConwqusnUy, the 
dau fril to Cmonstratc crtrtcncc of a Local source of 
plutoruum. 

$ 1.0- 
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To w~mmrrtrc, (Fig. 8) I hrw tnrd to show how a 
&aphrcrl techruque can k wed to unrambk and thw 
help mterprct data about phtonbm YI the outdoors. 
Molt toup, of dau fit lqaomrl dirtrlbutiolv better 
thn rnthmetic dutrlbuuonr. AddiUondy, when data are 
plotted on log-probability paper om CIR deade whether 
the data come from 8 psk dirtributloo of from overhp 
puq dutnbutioru. A prphrd mrthod u preferred for 
urucrrmbluq dbtrfbutiom WM ombp. 

31OpC 01 UII POU D li Kty puurilrcrr, Out UlC SAOpC 

can become SO urflrttd that the mdyytlcd dues are 

u~lcu. sunplq and sample-rplittmg, particulari>. are 
sourcea of wullcs more lmporunt than analytical &f- 
fiCUlWr. 

When a lgrnrhrmc tramformation is appropriate. 
the proper man nlw of the dam u a gcometric mean 
and the corrlrpoodlng standud &muon h the prop- 
erty of king a mduplwr rather than an mcrtment 

Althoryh the data on plutoruum m the outdoors 
tend to mnga greatly, the data often caa support mterpre- 
trhonr that are more pncuc ttun my reported so f3r 
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tastor in expressing the results Ttus factor is the ratio 01 

the air concentration at a pen loution to the quantity 
oi material per unit area on the ground at that location 
and has been measured under condittons of normal wmd 
actions as wcli as with added mechanical druurbance 
While thls cunoept can be uvful in defined circumunccs. 
it gives iiitlc insight into the nature of the processes 
mvolvcd so that it is difficult to apply thu knowledge to 
other areas or torms of contaminant For eumpk, it does 
not iccuunt for the sue of the uea or the porrrble 
emstence of more wly conuminrted arau upwind. 
Estimates of the duperuon and depdtion chmctrrbocs 
of materul from a unlform Y)UICC euuttta( to the atmc 
@ere indicate that sgdkant conuntratmns of rrrpirrbb 
sue particles can onmte from mrks away. The rrmrpm. 
sion factor does not account for dupemion by the atmoc 
phere or for changes in the rate of mulprnuon with, for 
example. wind sped or chanpr UL atmorphenc rubility. 

A bfferent. and somewhat mora complex, 8pproaCh 
IS to comder the medurrlrmr of nuen wpurtaly 
from those of depoution and dlprrPon UI tho atmos- 
phere In thu way uch pornt of tho ma an be con- 
sidered as a source of urborne mrtrrhl md the conantra- 
tion at any point downwind an k crlculrcrd by ux of 
the correlations denved from rtmolphnk dmn and 
deposition studies and by inmtbn ow die uti of 
deposition Similuly, the nrrptitudr of the pickup rate 
(or fraction resuspended par uit ttmr) can be studbd by 
rnearunng the concentration downwmd from a source on 
the ground under VUIOUI conditbna of nrtunl or adii 
cul duturbana. 

Ttur approach u ortunly not 81 rtmpk u that of 
the mupension factor, but by cuyvy out the musure- 
ments u1 such a way u to infomrtbn on the 
characteristics of the source, tho rnuollob@cd cadi- 
tions and the alrborne conaneatifnu. om can account 
for many of the vuubim and from thew rmkr an elti. 
mate of the resurpcnuon conmnertbnr whw dl occur 
for Qfferent mu in which tha kr, dkulbutbn of 
material and puticle we my Mot. It mu* rk be 
adnuticd that, at the pment tho, dm to be link 
quantitative data in the Utunture rrLlch rould permit the 
makmg of rebbk ntimrtrc unda my condttion. Fur- 
ther. there are prm whidi opmu ow tehtneiy 
small areas. such as the UMII whlrfwhdr fmqmtiy en- 
countered in desert courmy, rhLh could provute a 
separate source of rsRIlprndon which wwld not be 
adequately covered by a mom pad 

The work of the sod &ntba, prrtrcululy 
Bagnold' md Chepd.*' bw @en cohblr mqbt 
mto the mechrnumr of mowmnt by rlrdr, particularly 
under codations of grm monmrnt cud u OCCU~ ai 
~I#I wmd rpwb over dun undr or pbwd tkldr Theu 
obmation of a thmhold vrbcity of tbr wind speed for 
thu type of mowment u widely mwed u u theu 
demonstration of the stability of 6nr powdrrt of undorm 
puticle sue even under mlrdwly wind spd~ How- 
ever, it IS not clear that hue obrnationa uc compbtcly 

uw audy. 

apphsable 10 the problem of concern here. where rtb- 

tively low concentrations moving as suspended inatr1rials 
are of mterest. For example. some observations have been 
made of air ioncentrations of zinc sulphide partiilcs 

downwnd from a single source on the ground at wind 
speeds as low as 1.3 mlwc.' At leas[ we should design our 
exprrmnts and measurements to indicate the validity of 
such concepts. 

The question of the behavlour with time of the 
deposited materd hnr many practical aspests but few 
mas. For cumplr. weption of the deposited parti- 
ck with roll putickr will result u1 differences in beh3v. 

iour dopmdhg upon the soil particle sms. degree : 
natural ypqption and the stability of the aggregate 
undor rho disturbances expected. We cannot expect a 
prmnt fuution on rod particles stnce Chepil has 
mod that there is a continuous production of small 
puticla. at lurt in apicuturri soils. under the lnfluence 
of omlire forces,, but T&W nt effect of such aggregation 
my Urn &mu, the arrll susceptibility of origmally 
ftne pvriclrr to mowmnt tnto the atmosphere. The 
padud monrmnt of tho deporitod materd mto the soil 
procUC by wrrhi~ o( rltrnute frnung and thawing will 

docnu thr rurfrcr hyrn which are most subject to 

dinurbracs. -MI variations in vegetative cover, moir- 
tun md even in mteorolo&d conditions will affect the 
porlbUty of rbnupension. 

One can vuuake, for th~s purpose. two limiting 

conditions. The Ant cormponds to a fresh deposit where 
the mrtanri is rxpowd on the surface of the ground and 
otha aufaca with a putklr size distnbution character- 
ittic of the drpaltd mrtrrirl and independent of the size 
distribution of ttu roil ptticles. Under these conditions. 
tho &pomtd nutmrl is redily available and can be 
dncribd in tern of the quantity per unit area. In the 
rcod Wtiq condition, the deposited material has 
w&d and kome intimately associated with, at 

lout, tbr top Lynr of Ct# soil profile pcrhnps even to the 
rxtmt of Lviq rimrhr rffrctiw pnrticle sizes through 
tho pocrrr of mtion, erosion, ctc. Here, only the 
top lrpr ia to mupunsion, with the definition oi 
rha top kyor drpnht on the degree of mechanical 
dhturblacs or, pmtupr. the wind speed under natural 
conditiotu. In rbir w the mount resuspended is closely 
nktd to the natural drw from the surface and the 
conantration in the roil would =em to be of most 
intrmt. FoUowl~ a -on wc would expect a transi. 
tion pdod from thr fkrt Umitlly condition to the second 
over a prriod of tb~~ rbg wlth spreading over a larger 
area dur pritndy to tho procm of surface creep and 
nlutbn in knrn urn but abo to redeposition of smal- 
ler putwcr m mtd *om. The time required for 
brL trurdtion b indrtmninate and probably depends 
upon the chPrrUrirtlcr of the individual area. Some 
mrCurmnU hrn been mode in arui rqponr whch indi- 
cate that tho initial rlr conccntrationr decrease with 3 

hlf.lffe of about one to two months. however. it is not 

clear bt these correlrtions are not putmlly associated 
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Flnrlly, we hve cowdered i few of the difficulties 
of rebun) ur cmcentntio~ to WII concentratlow There 
a18 many more mcluding the problem of soil drifting due 
IO sddnr, ndtporition on a hud rutfacc. urd defining the 

charactmrtrs of an actual mrce. We I believe that 
furthor rndrr of ruuqmaon mcchuusnu arc necesauy 
to furthrr drfln and control potential problem. I llro 
qurctmn wbother the quantity of mtenal deposited IS a 
urN pnmtn for coatrol pvporcs in new of the 
rmny nnbkr tnvolud in the ltRupenuon pocns, It 

rould mm that dlnct mruumncnts of air concentfa. 
cbm *dd pralb m dlnct md useful mformatton 
ri.n an quhht Mom d effort on ai meituremmt 
fdlorrd by onrrpolrth with my VprUbler to air 
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