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FOREWORD

The purpom of thin TymPosum wat 0 discus tha dirtribution and
maasursment of phrtonium in the snviconment. To this end, The Jubjact matw:
has besn divided inw thres broad camgories, the first desling with distribution
or how plutonium hes sntered the environment, the mcond desling with
mmummwmﬂnm-\w-wnm
shalyzes them, and the third with the results obteined from such messure.
ments snd the interpretation which can be inferred from them.
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WELCOMING REMARKS
by

Harold M. Agmew,
Director, LASL

1 am dalighted to welcome you all hare this morning. When we first talked about the possibility
of baving this meeting, it wes thought that there might be twenty or thirty peopie who would be
interested and would come put for the kick-ofT sympostum on this perticular subject. As you can see,
attendance has sacalated in an exponential fachion. As you are sware, we've been involved hete st Los
Alzmos with plutonium for a jong, long tims. In tse begianing the plutoniom as & nitrste came from
Hanford. We had the task of putting it in matallic form and devsloping the matallurgy. As you are
aware, the first weapons ware sctuslly fabricated hers. The basic plutonium chemistry and metallurgy
had 10 be developed and carried out. We had a very largs building calied “D"* Building which we have
somehow enviornmentally, [ hope, dispomd aof - T semetimes wonder how we ever did what we did
then. 1 have 3 feeling it wouldn't pwss todsy. [ certainly kmow that, when one thinks of the
experiments we used to do, oot only in Mevads and tha Pacific but right here, take the Rale work in
particular, | believe we wouldn't hawe s mowbail's chance in hall of doing the things we used 10
do - and we thought we ware being very prudant, being very careful ~ and, of courss, since we lived
here, had & pemsanal stake in what we did.

{ think we took all postible, at beast in the comtext of thos dayy twenty or twenty-five years
ago, prudent precautions. As thom of you who are now in the busins are fully aware, we are today
in a compietely new ball park. I think it (s probably justified. Sometimaes, bowever, we bave & feeling
that people are going & little bit owerboard in the publicity, and types of hystetla that goes with
certain types of publicity, perhaps moce to get sttention than to express kgitimate concern in a
techmical or medical senss. But nevertheless, we are wry concerned, o | mentioned, not only because
of the overall impact on tha sovironment, but because we actually live here. You will probably find
mote Sierrs Club members in fact or in spirit, por you name it, in Loy Alamos than any other city or
ingtitution in the United Siates. So we are personally wery much involved. Qur friends from Rocky
Flats, whom [ see here, many of whom came from bers, and were hare in the onginal days - Bill
Bright, and Ed Walko, and many of the ather paopie wha left here - know what I mean, They went
to the Flats and we all know the problems that they've had with their plutonium in the environment,
I think it behoowes us all to do the very best we can in an objective manner. The problems that are
facing uc today sre probably pothing compered with the peoblems wa are going to be faced with ten,
twenty, ihiny, fifty ysars from now. There s no quastion that nuclesr power, not only ordinary
flasion reactors but the liquid matal or other type of fast breeders, are gong to be 2 reality. We are
going to hawe all sorts of problems with regard to the disposal of radioactive wastes, low-level
plutonium, and fasion products. Somedsy, hopefully, the fusion project will come into being.
Maybe optimistically it will be thirty yssrs from now that we will really have an on-line protatype
fusion electrical pows unit_ In the mesntime, and swen long beyond that, we are going 1o be faced
with problems of meterials such s phnonium. | believe that the work and interest you people ars
involved in at a symposium such s this are going 1o lend 1o, ist'n sey, sa objective, rational approach
that the leadens of the country can follow. In this maaner [ believe that the peopie in the country
who are concarned will mcognize the uee of plutonium as being in their best intsrest and not being
carried out just for the plesaure of some “white couted” scientists who really don’s understand the
problem.

Again, 1 xm delightsd to have you all here tnd am looking forward to seeing you this evening.
My best wishes {or a very successful reeting. Thank you.
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[ntroduction

PLUTONIUM DISTRIBUTION AS A PROBLEM IN ENVIRONMENTAL SCIENCE

by

W. H. Langham
BiormedicH Remaerch Group
Univensity of California
Los Alamos Scientific Laboratory
Lot Alamos, New Mexico

ASSTRACT

The potentis! umi of plutonium in futurs peets-time technology are
nurmarous snd # reslized will esdit in » production rate of thousands of ky.
poc yeur by the end of the gentury. By the ysar 2000 it & pradicted that
plutanium may ba producing 50% of the ssuntry's totsl snergy nesds, 3 times
the amounit of slectricel snergy now produssd from coel, gas, oll, hydro, snd
nuclsar energy stwogether. Powsr sourcer for mechenical heerts end heert
pecers alone will requirs jerge gquantities of PPy, s wili thermoelectric
penerators for desp-4pace misions, specs platforms, snd communications sstel-
litsr. The technology of plutonium production and processing is already
sstablished. Whether plutsonium sttsint its pradicted role in the futwe pover
sconomy may depend sntirely on whether sconomically competitive methods
of prevanting its distribution in the snvironment can be attained. Repetition of
the mercury situstion cennot be tolersied aithough, in some vy, plutonium
{by its chemical natur} is not 39 devious 25 mMersury & & potential general
snvironmentl conminent. Becaust of ity solubliity and other cheracteristics,
it in not resdity telum into the soological ohain. Mo natural teetetial o other
snvironmenml sasity hes boen oleeryed thet converts plutonium to s solubli-
izad form thet readily srviery the soologicsl cycle; however, this posibllity is
worthy of further inwstigetion, Control of plutonium a0 an environmants!
conmminant involves semeol of distribution from production resctorn, proc-
aiting plaras, norage Ny, 308 Inadvermnt relsams Suring wanaporiavion and
use. An all impertant factor in the elevistion of phvsonium distribution e o
problem in snviro nmenml sience it continuous murvellionce with sensitive and
smndardized mathods ol monitorng not only oparational dissharges but en-
vironmanwl dircibution a1 well, which is the theme af this conference.

In his welcoming remarks, Dr. Harold Agnew, the
LASY Director, mentioned the fact that the problems we
face i dealing with radioactive contamination of our
environmen? are considerably smaller today than they will
be in the next two or three decades. There is no better
way of empahsizing his remarks than 1o refer to Table |,
developed from a talk entitled *The Plutonium Economy
nf the Future,” given by Dr. G. T. Seaborg &t the Fourth

zm,

0007055

international Conference on Plutonium and Other Act-
nides on Ogtober 5, 1970, in Santa Fe, New Mexico. Dr,
Seaborg's projections were based in part on the Federal
Power Commission's predictions of the nation’s future
power requirements and the incressing percentages of that
powe:r that will come from nuclear sources. He visualized
that the annusl production rate of ¥Pu will increase
from about 20,000kg in the 19701980 period to
60.000 kg in the 1980-1990 decade, and to 80,000 kg in
the penod 1990-2000. Based on current trends in the

00130422.004
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TABLE 1

PLUTONIUM ECONOMY OF THE FUTURE*

Ansual Production and/or ia Use (kg)

1970-1980

Plutanium-239

Power Production 20,000
Plutonium-238

Space Applications 10-20

Medical Applications -
Transplutonium lsotapes

Curium-244 40

Californium-252 0.1

19801990 19902000
60,000 80,000
100 -
s 6,000
180 200
0.8 3.5

*G. T Saborg (Ocwobet 5, 1970).

space program and visualized applications in the dological
and medical field. he postulater the rate of production
and use of P*Pu could increase from [0 1o 20kg in the
1970-1980 period to 100kg in 1980-1990 with the
amount in use in power sources for mechanical hesrt
pumps reaching perhapt 6000 kg near the tum of the
century, This is a staggering amount of Py when one
puts it in terms of PPu equivalants by multiplying by 2
factor of ~ 270, the ratio of their spacific activitims. Dr.
Seaborg visualizes also that the productor rate snd utili-
zation of the transplutonjum fsotopes of *Cm and ¥CF
couid reach 200 and 3.5 kg/yr, respectively, by the yrur
2000. Thess are not inconsequental amounts of radio-
activity when one considers that the halfdife of *Cm &
18 yr and ¥3C{i5 3.5 yr. As the subject of this conference
is directed toward methods of quantitating plutonium tn
the environment. no further considerstion nesd be given
to these latter materials. To appreciate more fully Dr.
Seaborg's plutonium economy of the future, & little more
discussion might be in order.

Mutonjum- 239 and Power Production

The trend in annual rate of production of ¥Pu
reflects, of course, the incressing national power needs
over the next three decades before commercial thermo-
nuclear energy production may become s sechrjcal and
economic réality. Figure ! shows the Yankee atomic
tiectric station near Rowe, Mamachumtis, the first shec-
tric generating plant built under the AEC’s Power Dornan-
stration Reactor Program. Reactors of this type, the fint
1o supply commercial power, utlize only the U

0001055b

congtituting approximately 0.7% of natural uranium.
Thetr inefflcient utilization of the aation’s natural re-
sources of urspium sliminates them as & candidate for
meeting the ration’s expanding power needs. The current
genention of powst reactors [Light Water Reactor
(LWR)] b besed on s plutonium-enriched fuel cycle.
Putonium produced during operstion is separsted and
added back to the fusl, resulting in about one-third of the
total heat output coming from plutoniuem fission with
production of more plutonjum for recyeling. This recyci-
ing of dw by-product plutonium increases the efficiency
of utilization of the nation’s uranium resources but stll
requizet substantia! amounts of new natural uranium. The
next generstion of meactors is already a subject of exten-
sive ressarch snd dewlopment by both the AEC and
induatry This genemtion i the Liquid Metal Fast Breeder
Reacto:  LMFBR) and utilizes thw energy inherent in
My Such a reactor will broed Py from P*U and wil
derive sbout 50% of its energy output from ®Pu fission
and the other 20% from fast fission of U, while produc-
ing enough additonal plutonium to provide fuel for new
resctors. This peogremion of power output through in-
cresmd production snd urifization of ®*Pu accounts far
the incressing rate of production of the latter as projected
by Dr. Sssborg and concurrently for its increasing poten-
tial as an suvironumental contanination probiem.

Phetosivem-233
The potentish for production of ™Pu increases

directly with incressing production of nucisar power. [n
many rtespects PPy i an ideal fuel for reliabie

80130422 005
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thermoelectric generators having & high' ratic of power
cutput to weight and volume. Such generstors are finding,
and will continue 1o find, pumercus nowel and unique
applications as production capability and cost of
become more and more favonble.

Space Applications. Figure 2 shows the fuel capsute
and graphite fuel cask of the SNAP-2? thermoslectric
generator. The fuel capsule contains thousands of curies
of ™y in oxide forms and has an output of about
1300 W of thermal power. Three of these devices are
already powering experimentzi stations on the moon
{Apollos 12, 14, and 15%), and a fourth (Apollo 13) resides
intact in the deep trench of the South Pacific Ocean.
Other simily ®"u oxide heat sources are praviding
power for orbiting weather and navigational satellites,

LANL
0en1os1

Undoubtedly these applications will increase and new
ones will develop over the next two decades such as
power supplies for condensers of hiological wastes on
lorg-duration manned space missions and orbiting space
stations. Other foreseeable space needs during the next
decade or 5o are fotr power supplies on non-manned plane-
tary fly-bys and landings such ay the Grand Tour of the
planets and the Viking program slready in the planning
stage.

Biclogics! and Medical Appliaations. Some of the
mot novel ang intriguing applications of 2*Pu sources are
in the realm of biclogy and medicine. One aiready begin-
ning to be applied is as a battery for circulatory-assist
devices, an esxample of which is the heart pacer (Fig. 3}
In this application each device requires about 0.5 g of

00130422.008
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plutonium as the oxide. The most imaginative application
of ™Pu in medictne i that of a power supply for a
tnechanical pump 1o totally replace the human heart (Fig.
4). In this cam, esch mechanical heart would require
about 54 § of ®Py 23 ™PuD,. The remson, of course,
for uring the 0 oxide in such spplications is to jower
the neutron expowsre of the recipient by eliminating the
an reaction that occur with normal sbundanse 0. H
the formidable blological, medical and mechanics! prob-
lems of thin spplication can be overcome in the
1950-2000 period, Dr. Seaborg visualizes that thers might
be 25 much as 6000 kg of PPy committed to this use by
the tum of the century,

Environmental Pintonjum Contamination

Anima] experiments beginning with the fust injec-
gons of plutordum into rats in April 1944 by §. G.
Hamilton and hir colleagues at the Univemity of
Culifornia, have thown unequivocaily that this materisi,
tken into the body in sufficient quantity, will produce
undesinable effects (including cancer) i animals and un-
doubtedly in man. If the role of plutonium i our future
economy is to approach remotely the projected levels,

0001056

there must be 3 continuing program 1O prevent unaccept-
sbie bufldup of contamination i the environment. Gener.

slized comtumination, st sseru to hawe occumred with
mercury, must not be allowsd to happen. That 5 why
profemionals wach a1 you stiending this symposium are
iraportant now and will become progressively more im.
portsnt in the future. Ons can visualize & number of ways
wharety plutopium may be discharged advertently or
inadwertently into the snviroament. Potentially a1 leatt,
nuclear power piants can disperse plutenium into the
envirommemt through improper discharge of gaseous and
liquid effiuents and through sccidents that dlsrupt the
integrity of containment. Putomium proceming and fabri-
cation piants can contamingte the environment through
tmproper gassout, liquid, and sclid wazte management
snd can have accidents soch a3 facility fires and storage
and gansportation mishaps invoiving the caw materals as
well 34 the processsd or finished products. Plutonium-238
thermoelectric gmerators can be involved in fabrication,
transpartation, and deployment sceidents. As examples,
spect power penerstors could be involved in lsunch-pad
explosions, launch aborts sand orbital decsy with reentry
and atmospheric bumup or impact disruption. Con-
taminatad waste managernent, of course, is of pararmnount
impertance in controlling snvironmental contaminstion.

L

LANL |

‘00130422 D07



Plutonium-238

-+
21 1 1 1.7 4
Fy L ! -' .-
71 1 I M 1}
1 I 1 2.
L L L RPN

RERY/»o—

%
>,

heart pacer

Fg. 3

Any one of these potential sources of environmental
contamination could constitute an entire yymposium
within juself, I have purposefully refmined from menticn-
ing nuclear weapons and weapons testing as potential
sources of environmental plutonium contamination
which, hopefully, will disappesr in the nesr future.

In all cases, prevention of environmental contamin-
tion must rely on sound, effective engineering, the effec-
tiveness of which muit be under contnual surveillance
with appropriate and practical methods of monitoring and
analysis which, of course, it the primary topic of this
Symposivm.

06071059

Eavironrmental Phutonium Contamination in Relation to
Man

Plutonium released 10 the environment can enter
man either directly through inhalation of aumospherical-
lysusperded meterial or indirectly through incorporation
into his food chein.

Atmospheric Suepension and Inhaltion. Figure $
shows a schematic representption of direct exposure of

man via inhalstion of armospherically-suspended plute-
nium. There are two modes of exposure, the first being

\ANL .
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Fig. 4

inhalation of particles from the primary contaminzting
source prior to surface deposition and the wcond inhals-
tion of particies cesuspended in the atmosphere from the
contaminated surface subsequant to deposition. In the
Brst case, the material to which the sibject is exposed is
already suspended [that is, the suspension factor (S¢) is
unity}. Conceptually, at least, esthmadon of exposure
under this condition is easier than for the mcond, since
exposure is dependent on air concentration at the point
of interest, particle tize dstribution, inhalation rate, time
of expoture, and chemical form of the plutonium. Of
courss, if one wiahet 1o relate exposire back to the
prmary source term (8., discharge from a processing
plant stack, noncritical detonstion of 3 plutonium-bearing
nuclear warhead, eic.), the probiem is far more complex.
The problem now requires consideration of 1 long list of
sdditionsl vardabler involving meteorological factors and
physical arpects of the specific incldent. The wcond mode
of exposure, inhalation of resuspended material, s com-
plicated even funther by introduction of even more var-
ables, sorme of which are poorly defined if st oll. This
mode of exposure i3 represented on the right of Fig. 5.
The problem now is 1o estimate inhalstion exposure of an

0007060

individuai living in a contaminated area for a life time or
any fraction thersof. Undoubtedly, sxposure will depend
on how much of the source term (in this case, the amount
of plutonium depoxited on the surface) gets resuspended
into the breathing zone [that is, the resuspension factor
(Re)l. Ry s dependent on s siaggering aumber of inter-
related variables invoiving ill-defined phenomens that
within thevnsstves vary {rom place to place and with time.
Among thest are nature of the contaminated surface {s0il
type, wgetative cover, msphajt, etc.) and local micro-
meteorology (nurbulence, wind veiocity, minfall, etc.}. In
addition, the fraction of the source term (amount deposit-
+d) svailable for resuspension varies with time at some
rats intervelatad to such other factors as sail type, vogeta-
tive cover, radnfsll, etc. This attenuation of the source
tetme: is designated as A, in Fig. 5 and has been estimated
at ~40days for prevailing conditions at the AEC's
Mevada Tt Site. In case these are not complications
enough, il another is the smount of local physical
activity {vehiculas mraffic, grazing cattle, plowing, ¢ic.} in
the area which, incidentally, will alwo perturh Ap. At
present ot lesst, it is virtually impossible to calculate
exposure in this situation from first principles. This

LANL
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Fig. 5

impossible situstion led me and » former cotleagus (D1. P
5. Harris) 10 derive 2 resuspension factor empirically. in
1956, under the premures of 2 sudden anxiety over the
hazards of nonenitical detonations of plutonium-
conlaining nuciear warheads, we performed s series of
quick experimenis in an ares of known surfsce plutonium
deposition at the Nevads Test Site. Air concentration and
surface depotition measuremenus had been made at the
time the contaminating event occurred. At two differeat
times after the event, wir samplers were ¢t up and ress-
pended plutonium resuiting from extensive vehicular traf.
fic in the area way mexmured. From this we concluded that
a resuspension factor

Air Concentration (in ug plutonium/m® ) _—
Sf.Surfar.e Deposition Plutonium {in ug/m }rai X0

applied to disturbed Nevads desert condition: and that
the attenuation factor Ao 35 days. An attempt was
made also 10 cajeulate resuspension factors by wother
mesans that might spply under other conditions. Deriva-
tion of 1 resuspention factor from equilibrium calcula-
tions with dusty rural air gave a value of 7 x 107 On the

0007106

basis of these resuspension factors, it was extimated that
the life-time tolerance surface depasition evels for pluto-
nium were 9.7 sCi/m? and 7.0 2Cifm? | for the respective
sets of conditions. On the batis of dats collected dunng
Nevads Test Operstions Plumbbob and Roller Coaster
(during which resuspension was Hudied), the fife-time
tolerance surface concentration was erdmated to be
70 uCiim® for undisturbed regions comparable to the
Nevads desert.

My perpeteation and application of the resuspension
factor bave added more to my infamy than all the other
infamous deeds of a 26-yr career. In the first place. from
the scientific point of view, the resuspension factor as
presented here is aesthetically nauseating and simple-
minded. 11 assumes that the surface deposition levei in the
immediate vicinity is the all-important factor in determin-
ing the wif concentration sbove the contaminmed surface
and ignores the myriad of factors on which resuspension
depends. In the second place, the resuspension factor as
an empirically derived velue appiies only to the conditions
prevailing at the time of derivation. Reported values range
all the way from about 107? to 107! Intuitively, [ feel

SNL ‘
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that a factor of about 107 i 2 reasonable averzge value 10
use in estimating the potential hazard of occupancy of 2
plutonium-contanunated area: however, intuition is not a
convincing argument. This aspect of the potential reia.
tionshipy of man to plutonium environmental contamina-
tion has been emphasized primanily to emphasize the need
for much more very difftcult and sophisticated work on
the resuspension probiem.

Plutonjum Incorporation mto the Food Chain.
Figure & is a schematic representation of the steps along
the food chain from soils to man. Approximately 50% of
man's food is derived from animal products, sccording to
the progression on the left, and about 50% directly from
plants, according to the progression on the right. The
smount of environmental plutontum trensferred to man
depends on the degree to which plutanium is concen-
trated or discriminated againgt at vach stap in the progres-
sion. The ratio of the concentration in the product to that
it its precursor 15 expressed as a discrimination factor. As

1~ 2 XIO" St

oy ~ 1 X0~

By ~2X107°

an example, the concentration of plutonjum (taken in
through the root system) per g of plant to the plutonium
concentration per g of sofl is about 5 x 107%: however,
deposition on plant wurfaces may be a greater source of
contamination of plants than uptake via the root system.
Multiplicstion of the discrimination factors along the
progression gives a crude estimate of the relaionship
between envirommental plutonium contarnination and -
man via dietary imtake. The discriminstion factars, of
coumse, are in some cases only crude etimates. however,
Y &t 10 t mncorpotstion of
uonium con R IEL0 man via the

1 en the environ-

i ol scological discrimination factors are
needed, however, 10 provide public assurance and to
establith unequivocally that important factors have not
been missed. Uptake of plutonium is influenced by chem-
icai form, and absorption from the gastrointestinal tract is

~350% of DIET

Fig. 6

10
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a factor of about 100 higher for very young animals than
for cider ones of the same species. Also infarmation on
piztonium uptake and transmimsion in aquatic cheins i
sparse indeed. Certain aquatic lower spacies are known 1o
concentrate plutonium by fuctors of 3000 to 4000. Effect
of envirpnmenual modification and aging of plutonjum
deposits on ecological incorporstion should be con-
sidered. All of these considerstions require continual re-
finement of monitoring and snalytical methods and the
development of new techniques. As you are all aware, one
of the most critical probiemn areas is that of representative
environmental sampling.

00070063

In summary, the projections of plutonium produc-
tioni and utilization dunng the next three decades are a bt
staggering to sty the jeast. The technology to produce the
projecied amounts is wvirtually assured. Whether the pro-
jections offered by Dr. Seaborg and the Federal Power
Commission come asbout will depend on sophisticated
cost-effective engineenng to control environmental con-
tamjnation and continusl envitonmental surveillance to
check on engineering effectiveness and to conwince an
apprehensive and occasionslly skeptical public that the
gain is warth the risk.

't
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WORLDWIDE PLUTONIUM FALLOUT FROM WEAPONS TESTS

John M. Hartey
Health snd Bafary Labowntory
U .S, Atomic Energy Commission
New York, N. Y.

ABSTRACT

The toeting of nuglaar wespom up to the beginning af the moratorium
dictributed shout 300 kCi of ®"Pu owver We wirface of the esrth. Testr by
France snd Comumaumnist Chins have prebably sting sbous EX m thet.

The conoenwations of phutonium hews been messurad in tha stratomphere
and surfeoe oir. Over the past 10 ysars, data on deposition ras and cumulstive
deposit are vely Josroe and informetion on the plutonium in the biosphers is

VN FORrORY .

The inwrodustion of 17KCi of ™y from a2 SNAP generstor has in-
areamed vur intremt in the fam of plutosium Adittonsl Mmeasursmant are
being swrried eut and the Heslth and Salety Labormtory hae parformed
woridwids 10l mpling to svelusts disvribution of 2Pu, Comparsble durta on

Tmy will siso be obtained.

Plutonium has been produced in both the fimion
and fusion weapons that have been ssied. The yield of
plutonium per megaton of explogive force varies consider-
ably as a function of wespons design but it is probably
valid to look &1 the total weapons debris and consider that
thete is some average plutonium yield. Our work at the
Health and Safety Labomtory or the work available for
discussion i$ not aimed a1 weapory diagnosis and we are
largely conflned to considering the ratio of 2Py to 8¢
as our yield indicator, In this paper | will try to show how
much plutonium hes been produced in wespons testing
and what the present distribution is. The ™Pu introduced
by the burnup of 2 SNAPSA device i not strictly 1
matter of wespons testing but 1! is cortainly related to the
overall plutonium problem and [ will incude it in the
discussion,

Production of *Pu

The combined testing of all the nuciesr powers
through 1962 had g fiskion yield of 200 Mt. This can be
translated intc a production of 20 MCi of *Sr and »a
plutonium production of about 0.4 MCi. This latter figure
will be refined somewhat in a later discussion.

0007045

Testing in the atmosphere during the moratorium
has continued, with France carrying out a number of tests
in the southern hemisphere and Mainland China 2 aumber
in the northemn hemisphere. The total fission yield of
these tests through 1969 has been about 5% of the yield
of the pre-1963 testng.'

Plutenium-239 Deta

The plutonium dsta that are avaitsble include
measuremnents in the stratogphere with aircraft and bal-
loons. messurernents of surface air, measurements of
monthly deposition rate, and cumulstive depositien on
the ground. Some informstion has been published on
plutonium In the biosphere. | will try to review the dats
and to point our some of the inferences that may be
drawn.

Serstosphere. Mensurements of *Pu in the stratos-
phere tuve been part of all the programs in this region,
and data are available from 1957 to date. The bhalloon
concentrations and ratios zre not shown specifically with
the aircraft measuremnents but are included in the inven-
taries given later.

‘\W, 'é;"t &L ”
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Concentrations of @ Pu in the stratosphere change
with time. with testing, and with meisorological factors.
Thus | have chosen 1o tabulate the "Pu/™Sr ratios,
which will change only if the pattemn of waapon 1ypes
changes. Data for the High-Aititude Sampling Progmm
{HASP), the Stardust Program of the Defense Atomic
Support Agency, and the Airstresm Program of HASL are
shown in Table 1. These ratios are sufficiently constant so
that the megaton weapons whose debris entens the stratos-
phere can be considered as 3 single source.

The stratospheric material i removed with & baif-
life of about 1 year. This is iliustrated for the ™Sr inven-
wry in Fig. 1, and since the 139/90 ratic remains con-
sant, the Pu is lesving the stratosphere at the same
1ate.

Surfsce Air. Because piutonium has been considered
to be almost exclugwly an ighalation hatard, messure-
ments have tended to emphasize surface air concenira-
tions. The stratospheric 239/90 mean mtio of about
0.017 may be compared with the surfect air ratios in

‘P

Table 11, The early data e in good agreement, but iater e } ! h| TN &

tatios for surface air seem to be highset. I wse B B O WET W4 BB W9
The actual concentrations of ™Pu in surface air are

given in Table 11l The Soviet dsta appesr 1o be low, and Pl

na check is avallable since ™Sr was not measured. Other-

wise, you might say that the mean level was sbout 0.] pCi

per 1000 standard cubic meters for the years since 1965.  porthemn occwrred in 1963, when a value of

This is about a factor of 10 betow the ICRP recom 100 pCi of ™3¢ per 1000 m® was found. This would be

mendation for the occupationsi exposure to ifucluble  abow 2 pCi of 1000 m" . On a broader basis,” the

plutonium at 168 k per week (1071 uCijem’). For solu- - northem hemisphare avmge for 1963 was about

bie plutonium, the recommended leve, is 15 times lower,
There were relatively few measurement of Pu in
surface air before 1965, but we can make some estimaiel

40 pCL/1000 m? for ™St and the sverage for 1958.59,
after the iarge tasss, wae about 10 pCi/Y000 m® . These
would corespond to 0.8 and 0.2 pCi ™Pu/1000 m*,

pased on *Sr data. The pmk concentaton in the respectively. The former value i In remsomable agreerment

with the values meaired a1 Ispra® snd shown in Fig. 2.

TABLE )

139/90 RATIOS IN THE STRATOSPHERE

Program _Pewiod No. of Samples. 29/%0 Reference
HASP B/ST - 6/60 342 Q.0t7 {17
Stardust 6/61 - 12/61 13 0019 (18}

1962 70 0.015

1963 &4 0.016

(964 42 0.017

1965 182 0.017

1966 253 0018
Airgtream 1967 207 o021 (19}

1968 233 0021

1969 209 0D16

1/70 - 8/70 160 0.017
14
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TABLE I1
239/90 RATIOS IS SURFACE AlR

Locstion Peniod 239/90 Reference
Winchester, Mass. 5165 . 2/68 o017 (s
3768 - 3169 0.028
Over Atlantic 67 - 68 0.013 (5)
Japan 58 .66 0.016 116)
67 - 68 0.013
Ispra, ltaly 7/8] - 12/6% 0022 {3.14)
1966 0.021
1967 0.022
1968 0.032
1969 0.024
1970 D018
Northern Hemisphere 1965 o017 (93]
1966 0.026
1967 0019
1968 0.030
1965 0.026
1970 a.022
Southern Hemisphere 1963 0.018 ()
1966 0.035
1967 0.037
1968 0.017
1969 0.012
197¢ 0.046
ot T Tt Deposition, The actual deposition rate and cumula-
o 4 tive deposit of ¥*Pu has received little attention. largely
F because it was considered 10 be of litele significance, but
also because of the tedivus chemistry and comparative
lack of alpha spectrometers.
Since the deposition of ™81 was well documented,
the use of a general 23%/90 ratio should give a good
ot _t estimate of the plutonium deposition. Figure 3 shows the
B istitudinal distribution of ™St as of 1967.% and multiply-
iy ing the ordinates by 0.0)7 should give the ***Pu distribu-
f tion. Comparable exercises with deposition-rate measure-
< ments should also be valid for mest of the time period of
fallout.
The incressed 239/90 ratio after 1965 musr be
© | ~  considered for more recent data on rates, but the cumola-
tive deposit way over 98% down by 1965 and later deposi-
tion has litte effect. [t must be remembered, however,
that the ™S¢ is decaying at a rate of 214% per year. This
means that if we accept & 239/90 ratic of 0.017 at
production, the ratio woold now be 0.023 for the present
1 T i [ | [ I cumulative deposit.

196 1962 1963 1964 1963 A4 MET 368 B89 IFT0

Fig. 2

0007907

The worldwide depositon of *Sr has been esti-
mated as abaut 12.8 MCi, with the rest of the ™Sr being
accounted for by decay and local fellout at the iest sites.
The corresponding ¥™Pu wouid then be about 300 k(1.

1%
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TABLE i

ipy IN SURFACE AIR
Location Period 19y, pCULO00 m*  Reference
Winchestrr 64 - 69 0.02-05 {15)
USSR 65 - 66 03.005 {10}
Southern Hemisphere 1965 0.12 2}
1966 0.16
1947 0.06
1968 0.i1
1969 0.08
1970 012
Southern Hemisphere 1965 0.10 (2)
: 1966 Q.15
1967 .06
19468 0.02
1969 0.03
1970 0.08
Or-TTTTTTT T T T T 1T 1T
NE --‘ Y
% 60 - 'i" \1‘ =
: A
@ 40 / — -
| - :‘ )l-
D ] \‘
g 7 \
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Pitonium in the Ocetms. A number of messure-
ments of plutonium in surface ocean water have been
made and Bowen, et al’ have also messured concenta-
tions st depths greater than 500 m. Pliai,et al? found
concentrations of 2 to 3 pCi/ 1000 lters in the Pecific and
Miyake and Sugmurs tnd Bowen ot 2.7 found levels
samewhat less than 1 pCi/ 1000 Lters. if you consider the
plutonium 10 be unifgrmly mixed in the region above the

16
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thermocline, there should be about 10 pCi/ 1000 liters to
be comparsble to the land depasition.

Measuremants by Bowen et al. of the 23%/90 ratio
showed about 0.006 for depths down to 400 m and twice
that for depthy grester than 500 m. His interpretation is
that the plutonium scts as » mdimentary particulate or is
possibly maving by biclogical sedimentation.

LANL | .
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Pillai, et ul. indicated that keip concentated pluto-
mum by a factar of 1000, and that shellfish and fish gave
concentration factors of 200 and 3, respectively, as com.
pared 1o an rqual weight of sea water. Measurements by
Wong,et al.? were in general agreement although the data
are extremely limited. Wong,et al. indicaie that the high
concentrations found in sediments might be returned to
the environment through the action of bottom feeders.

Plutonium in the Biosphare. The dsta on plutonium
ik the biosphers messured by alpha spectrometry tends to
be very limited. Magno, et al.” measured air concentra-
tions and total diet as well as hunun lung and bone during
the period 1965.66. Dictary intake was mwssured as
7 x 107 pCijday. The sxisting wir concentrations would
have given an intake of about one-third of this sssuming a
breathing rate of 20 m®/day. The lung samples averaged
0.45 pCitkg and the boney ranged from Q04 o
0.12 pCifkg.

The only comparable data was developed in the
USSR by Smoradintseva,et al.'" They memsured air con-
centrations in 196% and 1966 to be about
0.005 pCi/1000m’ and found Iung concentrations of
sbour 0.1 5 pCifkg. Their air concentrations are unexpect-
edly low and shouid not lead to the lung levels found.

Smorodintseva and cowarkers again aiso checked
the pulmonaty lymph nodes and obtained concentrations
about 50 times higher thaa the lung. This had been
pointed out in earlier work on cccupational exposures
and is not unexpected.

Plutonium Anomaly. The 239/9C ratios in surface
air during 196869 exceeded the ratios in the steatosphere
at comparabie times.'! The apparent enrichment of
15 not readily expisinabie, although it sappesrs to be real.
[t is hoped that the data presently being collected will
help to clarify the sttuation,

Plutonium-238

Our interest in the problem of plutonium distribu-
tion and deposition was revived when & SNAP-9A device
burned up over the Indisn Ocean in April 1964. This unit
was fueled with ™Pu and the fallout systems described
above became very useful in evaluating the distzibution of
this material.

The onginal satellite contained 17 kCi of ®*Py, The
SNAP debris was firyt detecred in balloon samples tken
over Ausiralia at about 33 km in August of 1964, Materiai
then appeared at zireraft ajtitudes in the southermn hernis-
phere in May 1965 and in the northern hemisphere in
December. 1t finally reached the ground in the southern
hemisphere in the spring of 1965, The stratospheric inven-
tory of SNAP *™™Py is shown in Fig. 4.1

. A number of the high-altitude filters were examined
by Holland*? at Trapelo/West to see if they could esti-
mate the particle size. Radicautography indicated that the
By gverage size was about 10my, although these

00070619
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particles might very well have been associated with larger.
inert dust particles.

The concentations of *™Pu in surface air have been
measured since 1964, but some of the early data are
suspect. Table TV thows the 238/139 ratios from 1965
on. It must be remembered thet ®Pu was zlso formed in
weapons testh, and a matio of 0.03 is what might be
considered characteristic of test debris.

The 1968 ratic of aimost 2 in the southern hemus-
phere points out the different origln of the two isotopes
and their different behavior. The ¥*Pu was distributed
mostiy in the southern hemisphere, and was introduced
sfter most of the ™Pu had already bean deposited,

We attempted to follow the deposition on a very
limited scale by measuring monthly sampies from
Melbourne, Australia, and New York City. Over the next
few years problems wete encountered at both stations and
a considerable fraction of the data had to be discarded.
The only continuing reliable measurements came from
Ispra where the EURATOM group amalyzed monthiy
deposition smples® ¥, Ome siation isa't too suitable for
estimating the worldwide distribution and we have there-
fore embarked on a program of analyzing soils.

Our soil smpling started last fall and the data
should be avalable this fall. Sampies were collected on a
woridwide basis by HASL staff and by cooperating
scientists in many countries. All samples were taken (o &
depth of 30 cm to insure inclusion of all the fallour. We
hope that analysis of these sumples for *S; wnll indicate
sample validity., Plutonjum-239 will also be measured, as
wel as PPy

17
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TABLE IV

238/239 RATIOS IN SURFACE AIR

Location Period

Northern Hemisphere 1965*
1966
1967
1968
1969

1970

1936%
1966
1967
1968
1965
1970

Southern Hemisphere

238/239 Reference
0.03
0.6
048
0.30
0.29
0.14

(21

0.04,0.24
061
1.58
1.91
092
0.52

)

*Part of year only.

If the SNAP *Pu were uniformly distributed on
the earth’s surface, the area conceniration would be about
70 dpm/m? . The problem is compounded by the fact that
weapans debris has been found at soil depths greater than
13 cm, so we had to set 30 cm as our mmpling depth.
Since an average 0il will run about 400 kg/m? to 30cm
depth, we expect to find about 0.2 dpm/kg for the SNAP

. This automuaticaily sets the sample size st ] kg and
requires a leaching procedure. We believe that we have
sufficient data to indicate that plutonium from weapons
tests 20d SNAP debris can be acidextracted from kilo-
gram quantities of soil. This may not be trus for samples
taken near the Nevada Test Site or aven for all plutonium
processing plants. This would hsve to be tested on the
appropriate samples.

There is some complication in looking at plutoniuvm
data in any sample. The wespors debris plutonjum con-
tzins a small amount of Py, probebly of the order of
3%. This value is not well sstablished becaume good alpha
spectromenry was not being used on the samples that were
available 10 us in the pre-SNAP period. The ratio was not
4 problem during the time of major SNAP fallout because
238/239 ratios reached 1 and sbove. This will not be true
in the sod samples (0 be analyzed zince we have only
17 kCi of ™Pu plus about half a1 much from testing, 13
compared to 300 kCi of ®Pu from the 2.
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DISTRIBUTION OF PLUTONIUM

FROM ACCIDENTS AND FIELD EXPERIMENTS

by

Harry §. Jorian
Lou Alemos Sciertific Labormory
University of California
Los Alarmos, New Mexico

ABTRACT

Studies of plutonium in the snvironment from ascoidentr involving nu-
cissr wetpons sl from experirents in the fiaid to study health and wiety
mpects of opervtionsl wanpen: ave worthy of esrelyl sveluction. Plertenium
fallout from weapon wrting it diminishing ane, fer the immedists futur, the
signing of the Limited Tost Ban Treaty would indlewt that sditions tc the
nvmntory wil only be ssumd by testing ot & reduced raw by netiom not
signing the tresty. Musonium from routine ogerstiom of plutonium fasitities
ha: mever beon ¥ swicws problem, snd the current AEC driww to raduoe
pluronium sotteminest #ifiuent %0 the lowernt practiosl conesntration thouid
reciucs this ourse of plutonium 1o a negligible livel.

Howsver, s long 83 plutonium sxiss 2 & component of wespom, o
sources of prwer In spaes m weil m on the ground, M & Tew material in
fabrication planty, and m 3 waste prosuct In werts-handling fecilities, the
probability of an ascldental releass of plutonium to tha snvironment oan never
e et0.

Ressons for dw neewmity of desirability to study the documented
sccidonts snd fiokd o xperimants vy stvenced and outliney of the socidents ot
Thul, Gresnlend ond Pelomeres, Spain mgetier with the field axperiments,
Project 58, Project 57, end Roller Commt ses presented.

Nowadeys., discussions regarding plutonjum seem to
have a certain slement of unreality asociated with
them - perhaps characterized sormewhat by the expression
“The Wonderful World of Plutonium.” There i even in
some cass a reluctance to enter into such discussions, az
if it were rather like talking about the virtues of marrisge
in front of your old maid aunt. There is really oo reason
for this because pluronium, as a rowtal, has 2 fine and
exceptional history. By that 1 mean that materials are
used by humans in their affairs for good or for ill, but in
the veurse of this secvice the materials evolve a history of
their own. Almost all the common metals and materials
such ay coa!l and ¢otton have long fascinating histories in
whuch the bright chapters are blighted by very dark chap-
ters. Plutonium, in comperison, does not, and should not

06871013

i the future, have such blots upon its history. We have
had aimost 30 years of documented experience tu ind-
cate that out present knowledge and techniques are suffi-
cient to handie this material i quantiy with a real
margin of safety. It is perhaps worth noting that the
accounting for illness, desth, and misery tha! can be
sttributed to other metals and toxic materials is very
incompiete and fragmentary, whereas rather careful sur-
velllance of the peopls working or involved with pluto
njum hay estublished its remarkable safery cecord.

In the years that we have been using plutonium, it
has found 11s way into cur envitonment by three principle
means. The source that accounts for the most widespread
distribution of plutonium is that created in the upper aic
by atmosphetic testing of nuclear weapons. This source of

-1
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plutonium has been diminishing since the signing of the
Limited Nucleaz Test Ban Treaty in 1963}

Plutoruum, n small amounts, has been dispersed
into focal enviranments by effluents from facilities hand-
ling plutonium, but ths disperss) has been carsfully con.
troiled and has rot created a health hazard. Moreover, the
current well-financed AEC effort 10 reduce plutonium
concentrations in effluents to the lowest practicaj level
will, for all practical purposes, eliminate any rea] concern
about plutonium in the envitonment from this source.

Plutonium dispersed into the environrment s a re-
sult of accidents, however, will always, in some measure,
be s problem. If we are 1o make full use of Lhis metal a2
vital element in our national defenss offoris, as a power
source in space, a5 well a5 vn and and ses, and as an
element in medical devices, we mus accept the certainty
that accidents will happen and that plutonium will be
distributed to some extent in our snviroament.

A Iarge portion of the information that has been
developed concerning the dispersel of plutonium from
accidents is in classified documents. Cenainly, accens w
classified information i tequired 10 compietely under-
stand the reports of the sctual sccidents snd the field
experiments. [ was going to say that this it unfortunately
the case, but in reality it i fortunare that accidents,
except in the case of puclear weapons, have not created
any major environmental health problemas,

Probably the first release of plutonium was an ex-
petimeni conductad by the Los Alumos Scwentific Labora.
wry in the early days of the Nevads Test Site. The
purpose of the expenment was 10 determine the propet-
nes of plutonium when subjectsd 1o forcer gawiated by
the detonation of high explosives. The monitoring effort
was directed primarily toward protaction of the workets.
This event is mentioned here only to note tha
AEC-NVOO has appointed a comumitlet io siudy mtes
with old plutonium conlamination and that the Reynolds
Electrica) and Engineering Company, the support contrac-
tor for the Nevada Test Site, is now engaged in collecting
preliminary data from this area.?

The first field experiments for evalusting weapon
safety were conducted by the Los Alamos Scisntific
Laboratory in 1955 and 1956 in an operation catied
Project 56, These experiments were required to establish
design parameters to ensure that weapops involved m
accidents would not produce a nuclsar yisld. A total of
four events was necessary to develop tha nesded dats. The
study of the plutonium cortaminstion levels produced in
the envitonment by the experiments was considered to be
of secondary importance, but 3 quickly assembled group
of people produced dau on air and ground contamination
levels as a function of distance.? As part of the overall
effort, perscnnel on the H-Division staff of the Los
Alamos Scientific Laboratory produced, on & crash basis,
a hazard evaluation for the relsnse of plutonium from a
weapen involved in an accident.* One of the conclusions
thet evolved from this theoretical svaluation, bolstered by
scant environmental data from Praject 56, was that

22
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100 g Pu/m? on the ground would be safe for a lifeume
occupancy. The authors, well aware of the uncertainties
and assumptions that had gone into this urgently needed
evaluation, strongly recommended sdditional studies ol
the accident case,

The need for sdditional data, acknowledged by the
AEC and DoD, isd to the experiment conducted by Test
Group 57 Operation Plumbbob?® in 1957, Four broad
areas of interest were studied.

& Means of estimating distribution and long-term
redistribution of plutonjum dispersed by a nonnuclear
detonation. .

¢ Biomedical evaluation of a plutonium-laden en-
vironment.

¢ Evaluation of decontarunation methods.

® Alpha survey instrumentation and field monitor-
ing procedures for the prompt sstimation of levels of
plutoniumn conteminstion.

The various studies produced dats that should be
more widely distribuied end shouid be subjected to addi-
tiona! analysis. The figure of 3500 ug Pu/m? was estab-
lished 21 safe for lifetime occupancy with normal activity,
ie., weather a3 the mle resuspension force, being an
important stipulation. The number generally associated
with Project 57, however, is 1000 ug Pu/m®.

Dats from this single release did not serile all of the
questions and uncertainties that bothered the AEC and
DD in their efforts to develop proper criveria for the
storage and transportation of nuclear wespons. Sharing
this concern was the Atomic Energy Authority of the
United Kingdom. The three agencies therefore sponsored
Operation Roller Conster.

The fieki experiments were carried out jointly by
United States snd United Kingdom personnel in 1963 on
the Tonapah Test Range in Nevgds. The objzctives of the
operation were:

® To make measurements of plutonium to permit
its ditribution and behavior during cloud ttgvel to be
determined.

® To obtxin data 1o permit compliete characteriza.
tion of the serosols in the cloud.

o To determina the lung deposition and fate of
plutonium inhaled during cioud pessage by several animal
spacies; to compars amimal date with air sampling data
and attempt o estimate the dose to man from inhalation.

® To evaluate the effects on the dispersal of pluto-

nium of varying amounts of earth cover on storage on-
figurations.
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¢ To further develop the model describing claud
behavior and particle deposition using sedimentation and
tutbuier: diffusion theory so that plutonium releasesin a
vatiety of weather conditions could be estimated.

Priot to conducting the experiment, United States
and United Kingdom personnel had agreed that no at-
tempt would be made to obtain resuspension measure-
ments because of the complex nature of the process and
the effort required. The difficulties ind complexitiss are
not to be denied, but the inability to fund ot to interesta
qualified group to investigate the resuspension of phuto-
nium is & matter to be regretted. This is particularly true
since much of the basic dats required in a rmpuspension
study, Le.. the level of plutonium contamination on the
30il, was established at great cost und effort by the vanous
test groups involved in this operstion.

Altogether, four experimentsl field releases from
four shots were involved in the Oparation. Two shots
were conducted in the open with a difference in the ratio
of piutonrium to high explosive, and the other two were in
1 storage configuration with the same ratic of plutonium
to high explosive but with a difference in the depth of
earth overburden on the storage structures.

The experimentsl arrays were elaborately instru-
mented for the detection of airborne plutonrium and
deposited plutonium. A heavily imptrumented wire cur-
tain, 1500 it in width and for one shot 1800 ft in height,
was used to document the vertical distribution of pluto-
nium 0 the cloud. On one of the events & total of 298
animals (84 beagle dogs, 84 burros, and 130 sheep) were
positioned in the downwind ipstrumented array.

These elaborate field experiments developed a preat
mass of data and resulted in a large pumber of published
repotts®’ on the various projects. I iy clear, however,
tha: additional efforts should be devoted to an anaiysis
and corceiation of this data.

It shoukd be noted that over the intervening vears
the Reynolds Electrical and Enginesring Company has
periodically rasurveyed the areas that were contuminated
by these experimenis,

The wisdom and foresight of the authorities who
decided to conduct the field relsase experiments were
validated by the Palomares and Thuile accidents, In the
first place, and of the urmost importance, the bomby that
did explode a3y a result of the accidents did not give a
nuclear yield. Secondiy, the experiments created a group
of peopie within the AEC and DoD communities with an
understanding of, snd a thought-cut position on, the
problem. Forrunately, one member of this group, Wright
Langham, Los Alarmos Scientific Laboratory, was brought
in a3 a DoD consuitant on both accidents. 1t was primarily
through his efforts chat this country was able to arrange
satusfactory agreements with both the Spanish and Danish
suthorities. Basically, the operative procedure was to
maxe available to the Spanish and Danish authorities the
resources required for them to assure themselves, and
consequently their peopie, that the hazardy had been

property evaluated and eliminated. Published papers by
personne! of both countries have indicated that such 5
indeed the case !

The Palomares sccident on Jaguary 16, 1966, re-
sulted from a mid-air explomon during a refueking opera-
tion between a B-57 bomber and 3 KC-135 tanker. Four
plutonium-bearing nuclear weapons were jarred loase
from the piane by the explosion. Three of the devices
unpacted on the ground in the vicinity of the Spamish
village of Palomarey and one landed in the Mediterranean
Sea. Two weapons were ultimately recovered intact, the
one from the sta and ane of the three that impacted on
the pound. The other two weapons detonated on impact
with the ground and dispersed piutonium over some
1200 actes of ground. A wind with an estimated velocity
of 30 knots prevailed at the vime. it should be noted that
under these conditions the radius of the area with con-
tarination over 500 ug/m? was about 80 m for one deto-
ration site and about 65 m for the other site. The cleanup
procedure comtisted of scraping and removing the top
layer of soll from about 6 scres with contamination tevels
above 500 ;g/m?. Crops, in fields with contamination
levels above $ g/m?, were remaved and destroyed. All of
this material was packaged and ultimately shipped to the
United States. Originally, it was plenned to piow only the
land betwesn the 50 ugim® and SO0 pg/im? contamina.
tion contours, However, with equipment on hand, 1t was
decided to plow t0 1 depth of about 10 in. all the land
contaminated to a tevel above $ ug/m? . It was considered
that the plowing would diluze the plutonium by mixing u
with &t greater maw of soil and would make the plutonium
less avzilable for resuspension. As previously noted, the
Spanish authorities have reported that after the area was
decontaminated the air concentrations in the wiciuty
were those 10 be expected from worldwide faliout and
that afl determinations for piutonium uptake on the part
of the inkabitants of Palomares had been negative,

The crash of a B-52 bomber on the ice of North
Star Bay sbout 7 to 74 mi from Thule, Greenland, oc-
curted on January 21, 1968. Cause of the crash was an
uncontrolable onbousrd fire that made it necessary for the
crew to bail out. The plane impacted on the ice with a
velocity of about 500 knots and at a {5 degree atntude.
On impact, the fuel ignited and the four plutonium-.
bearing weapons exploded. Debris and flaming fuel. pro-
pelled by the forward motion of the plane, wis scatiered
slong & peth sbout 700 m long. A large blackened ares
about 130 m wide and 700 m long was formed by com-
bustion products being trapped in refrozen ice and snow.
It has been estimated that approximstely 99% of the
piuvtonium within the defined contaminated zone was
contained in the black crusted ice and wmow of this area.
Road graders windrowed the bisck material and mechan-
ized loaders pisced it in large wooden boxes for removal
from the cortaminated acea. Eventually sixty-seven
25,000-gallon fuel contginers were filled with this mate-
rial and four additionai such containers were required to
store contaminated equipment and gear. This material was
shipped to the United States for final disposal.

LANL
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A cluud formed by the explosion was measured by
radar as being about 850 m high. 800 m in length, and
8OO ™ in depth, and it undoubtedly carned some pluto-
naum duwnwing.

Dansh scientists investigated rather thoroughly the
levels of the plutomum in the environment and concluded
from their findings that the environmental impact was
negig:ble.

Two important points that should be remembered
are demnonstrated by the expenence from these two acci-
dents. Fist, the dispersat of appreciable quantities of
plutonsum did not create a catastrophe in terms of human
impairment and death or in terms of property damage
but, instead, were incidents that, with modern tech-
nology, were brought unde: rather complete control
Secondly, the determination 1o assist the iocal authorities
in their evaiuation of the situation made it posable for
them (o convince themselves that humans had not been
injured by the immediaie elfects and that long-Tange
hazards had been sliminated or reduced to acceptable
levels. This assurance was conveyed to their citizens and
sppreciably reduced the strain on our international rela-
tions.

1 would sincerely hope that our own citizens would
be treated with the same considerstion and respect in the
event of a similar incident on United States soil. | have
instead, however, 2 very unhappy vision of such an event,
in which zhe news media ate on an anti-establishment
kick. security and azoruc energy experts indulge in indi-
vidual ego trips, and credibility ia completely destroyed,
with the finai result being a group of citizens unhun and
unendangered, but compelled to - rty ¢ prychological
burden of worry, fear, and doubt for the rest of their
lives. That may be an unduly pessmistic vision, but it
does seem clear thst positive steps should be taken to
dentify the best possible response to an accident involy-
ing plutonium.

A suggested firet step would be to fund a serious
effort

¢ To compile and evaiuate availsble date from the
field releases and the accidents.

® To provide an unclassified and realistic evaluation
of the hazards associated with an accidental plutonium
reiease 1o the environment,

® To identify those areas that require funding for
immediate and [ong-range investigations.

A realistic evaluation would in lazge meagure offset the
harm that has been done by the misapplication of the
“maximum credible accident™ concept, and would heip to
define pluionium’s proper place in the spectrum of
hsazards that confront man in & modem industirial society.
If this is not accomplished, and plutonium is compelled to
DCCUpY 8 unique position completsly outside this spec-
tum, then very likely the ultimate judgment will be tha:
science and technology have sgain been mismansged. The
dissatisfaction with science today stems basically from
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our apparent inability to realize the benefits of tech-
nology without undue impairment to our physical, envi-
ronmental, and social wellbeing. it has been demon-
stested that the benefits of plutonium can be realized
with minimum adverse impacts on our society. Forcing
piutopuum out of the marketplace by unnecessary restric-
tions will only encoursge and prolong dependence on
fmaterials that have had in the past, and probably will
continue to have in the future, severe dewnmental effects
on Kciety.
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INDUSTRIAL-TY.PE OPERATIONS AS A SOURCE OF ENVIRONMENTAL PLUTONIUM

by

. E. Hammond
The Dow Chemiml Conparry
Rosicy Flets Divieion
Golden, Colorado 30401

AMTRACT

From 1853 through 1970, the Rosky Flot plant has relessed upper
imits of 41 mC] of plwtoniym m sirberns offiuenu omd 90 mCi of piutonium
twough liquid offusnts. Mathods and limitations of thess maesuraments ere

descrited.

tn addition to thaes somtroliodd relesese, sesidentsl relsaess w0 the n-
viconment osswrred during & fire in 1BE7 ad from wind traneforence of
comaminutes mil prior 1o 1970, Them incients sre described snd eetimates of
smoums of plytonium involved mele by variow investigrtor disousmd,

The Rocky Flats plant began operating in 1983
processing plutonium, enriched uranium, and deplned
uranium. Ower the years more and more emphasis ha
been placed on plutonium and lass and lest on the other
materialy. Since this 15 a plutonfum meeting, we will
confine our discussion 1o plutonium operations st Roc
Flats. :

Figure 1 is ¢ map of the arex in which we sre
located. The AECowned [and is 2 miles on & side with the
occupied portion of the plant site confined to about
isquare mile in the ares between Wilnut Creek 2nd
Woman Creek. Downtown Denvar is about 15 or 16 miles
to the southexst, The southern city Umirs of Boulder, 3
ciy of 70,000, lie 6 miles oorth. The other towns thown
are smaller. This arez is essentially greater Denver and
urbzn. The area close to the plant & rural - mainly grazing
fand although there is some irrigated furming. Plans exist
for commercial and residentis] developmenmt clos by,
mainly to the south and east.

The southern portion of the plaat site is drained by
Woman Creek, dry part of the yeas, which flows into
Standley Lake. Standley Lake is an irrigation reservoir as
well as the municipal water supply for Westminster. The
northern portion of the plant is drained by two branches
of Walnut Creek which join ewst of the plant and flow
into Great Western Reservoir. Great Western Reservoir i
Broomfield’s municipal water supply. Effluents from owr
process waste tregtment plant and from our wamtary

00010717

sewer system flow into the south branch of Wainut Creek
and through z series of four ponds before relese offsite.
Walnut Creek provides about 2% of Great Western's
water, another B% comes from Cosl Creck, and the re-
maining 90% from the Claar Creek watetshed.

The foothills of the Rocky Mountains extend along
the west edge of Fig. 1; the remaining terrain is typically
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prairie - arid and sparsely vegetated except where it is
irtigated. The government-owned iand is enclosed with a
barbed wire cattle fence; there are no domestic animals
within its boundaries, Wildlife which shares our domain
includes such rypical praifie types as deer, coyots, rattle-
snakes, and rabbirs,

Winds from the west, northwest, and southwest
prevail along the foothills, During the fall and winter
months windstorms occcur frequently. Gusts over
100 mph have been recorded. The prevailing winds at the
Denver weather station are from the south,

Preoperationsl site-survey measurements were con-
ducted by 1 team from Hanfard and included beta-gamma
surveys, and water and vegetalion samples analyzed for
uranium plus plutonium content, plus  few radium meas-
urements.

Figure 2 is 2 close-up of Rocky Flaty. This figure
shows our oniginal plutonivm processing facility, building
771, and process waste treatment facility, building 774.
More recent additions to the plant inciude buildings
776-777, & production building completed in 1957, build-
ing 779 R and facilities compleied in 1966, building 55%,
an analytical laboratory completed in 1968, and building
707, & production building completed in 1970, We refer
1o this entire ares as the plutonium complex. Plutonium
operations are confined to this area for the most part. The

003 area was used &8 a temporary storage area for drums
contaning contaminated oi! for a time. We will discuss
this more later

All effiuent air from plutonium buildings is filtered
thvough HEPA filters and stacks are continuousiy mont.
tored for airbome relenses. [sokinetic samples are col
lected through HV-70 paper and ¢valutations are calcu-
lated in terms of total long-ived alpha. Initially, wher we
believed that all releases were of PuO,, we applied the
guide level of | pCi/m? for insoluble plutomum, Now,
rather than demonstrate propartions of insoluble and
saluble plutonium in typical effluents, we appiy the more
testrictive soluble guide of 0.06 pCifm* for sotuble pluto-
niurm to all stack releases. :

Figure 3 shows the location of our 12 onsite air
semplers. These are continvous semplers drawing 2 cfm
and are collected daily. Towl long-lived alpha evaluations
of these sampies have always been well below the pluto-
nium guide levels. Figure 4 shows typical data from the
onsite sampling net. This perticular display is for 1968
end 1969 and is no different from earlier years.

We believe that additional filtration, advanced de-
sign featuces, and more exhaustive treatment of liquid
wastes, some already completed and some et to be
compieted, will place us in 2 position of near zero release
within the next few yeats.

6
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ROCKY FLATS PLANT

.‘.’

9451909 ON-SITE AN TAMPLIS -TOTAL LONS LIVED ALMHA,
MONTHLY AVERAGES

e e e e e R

LA Bt e e oo

$ClAwd O

[+ -1

Fig. 4

067019

LANL

Figure 5 shows average total, long-lived alpha con-
ocenteations mensursd in the building 771 main exhaust.
This perticular building typically shows greatest opera-
tional releases. Tha graph indicates both yearly averages as
well a3 the range of monthly averages in pCi/m?. The high
point in 1957 occurred following s fire that damaged the
fiiter system. The high points of 1964 and 1965 were
stiributed to filter akage occurring shout the middle of
Decemnber, 1964 and corrected in the [atter part of
January, 1965.

Figure 6 shows total stack release by year from our
plutomium comphex. The data are expressed as pCi of
tota) long-lived alpha. The high concentrations seen in
Fig. 6 are the 1957 fire and building 771 fllter failure in
{964 and 1965. The 1957 pesk does not represent total
telease during the fire since our sampler became inopera-
tive during the fire. Rather it is an indication of high
amples obeerved in October, 1957 from contamination in
the ductwork and plenum following restoration of the
system. The peak in 1969 is due 1o higher samples from
bullding 776 following the May 1969 fire. Figure 7 de-
picts integrated aithomne reloassr through the stacks and
torais 41.3 uCl of total, long-ived alpha through Apnl
1971,

Wame solutions generated in the plutonium com.
plex include lundry wastes and process waste solutions
generated st various phases of the operations. Such
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PUTONIM STACK RELEASED solutions are heid in storage tanks at their generation
TOTAL LONG-LIVED ALPMA

poini until they have been anaiyzed, at which time severa)
options axist. Solutions which are low in plutonium con-
tant but high in chemical content may be pumped to solar
evaponstion ponds for concentration. Solutions which
et USPHS drinking-water standsrds in chemical con-
tent and 10 CFR 20 standands in radicactive content may
be released 10 the sanitary waste sysiem. Using the same
ratiopale s with airborne effiuents, we apply the most
testrictive guide of our plamt materials, 1600 pCi/liter for
ioluble plutonium, as our release point. Other solutions
are purnped to building 774, our waste trextment facility,
for further plutonium removal. Solids resuiting from
building 774 operations aad ocher solid plutonium-
contsining wastes generated in other buildings are pack-
aged and shipped to Idaho for burial and norage. There
have been no known plutonium relesses to the eaviron-
ment by way of solid waste handiing.
Liquid effiuents {rom building 774 ace reieased to
Fig. 6 the south Wainut Creek courss when they meet USPHS
and 10 CFR 20 guides. This effluent joins wah sanjtary
sewage cffluent and flows through a series of ponds into
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URAMINW B PLUTORIUM ALPWA ACTIVITY JNOND & EFFLUENT

100,

Following the fire it was estimated that abous 1 gof

.
.
b
b

pCiA

plutoniurm had been relessed offsite through the damaged
filter systemn.

Figure 11 is the aipha spectrum of a 15-min. high-
4 valume air sample taken downwind (south) during the
' fire. It indicates a concentration of about 4 pCi/m’ Pu.
Anothet ssmple taken due east of the stack showed bareiy
detectable amounts of piutonium.

An epvironmental survey was begun the following
; day with a pickup of vegetation, soil, and water samples.
AVE ] The soil analyses were nol very definitive. We acid-leached
] them and wseparated plutomium by our then-routine
) methad of bismuth phosphate - lanthanum fluoride co-
precipitation. While we could detect plutonium by alphs
spectrometry tn some of the onsite samples, there were
other slpha emitters present, the spectra were smeared,

YEAN and we were unsble to guantify the resuits,
Of some 15 onsite water samples collected, pluto-
Fig. ¢ nium was detected in four of them ar a maximum of
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0.5 pCifliter. OF 35 offsite water sampies collected during
the month following the fire, plutonium contamination
was noted in two of these at 2 Jevel too low to be
statisteally valid-less than 0.1 pCifliter.

Water and vegetation samplex were analyzed by
extracting with ether at that tume. This method gave good
separation of plutonium and uranium and a thin mount
for alpha tpectrometry. Figure 12 is 2 typical nlphe spec-
trum of a vegetation sample. We detecied plutonium on
most of the wegetation samples collected during this
period up to 2 maximum of 600 pCi/kg on 47 onsite
samples and 200 pCi/kg on 43 offsite sampies.

Qur alpha spectromuter had only recently been
acquired and we had no pre-firs data an plutenium on
vegetation. Consequently we were unable to estimate how
much of the observed plutonium was of fire origin. We
saw some plutonium on samples taicen from all directions
from the plamt but the maximum were to the south,
downwind at the time of the fire. The gross alpha activity
of thess samples was somewhat higher than our back-
ground daia aithough not extremely 0. We could not
detect any ground convamination on the plant site by
direct survey. We concluded from these messurements
that any offsite contaminstion resulting from the fire was
insignificant xnd there were no hot spots frem faliout
from the stack.

On May 11, 1969, a fire broke ouwt in building 776
and eventually resulted in multimilion dollar damage.
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Although there was some damage to one filter plenum the
building essentislly maintained its integrity and little
plutoniurn escaped. Contamination was found on the roof
of building 776 and an adjscent building and on the
ground on three sides of building 776. The roof contamin-
ation, up to 10 CPM a memured with survey instru-
ments, came from booster | exhaust. Moxt of the ground
contamination was caused by tracking during fire-fighting
operations. Levels up to 10* CPM were noted on the
ground. Ousite ait wmples for the period May 9 through
12, 1969 ranged from 0.03 to 0.31 pCi/m® total long-
lived alpha. Thus is higher by an order of magnitude than
we normally observe but still well below the guide level
for insoluble piutonium. Cifsite air samples showed no
obmrvable elevation of alpha sctivity. This was also con-
firmed by the state of Colorado Department of Healthon
samples taken from their monitoring net. The wind was
low and mostly from the northeast during the fire.

Becawse of re-entry problems we were unghie o
retrieve our exhaust samples until May 15, The three
sampies in the main exhaust showed 3.2, 216, and
3504d/m/m® rotal long-lived slpha for this period. From
thest data we calcuizted a maximum releass via the main
exhaust af 193 gCi during the 144-h period of May ¢
through !5. Booster and dry air systems samplers shut
down abaut 4 p.m. on the day of the fire due to power
loss. Through that pericd of time they had reicased
13 uCi of Pu. Therefore, reiease from the exhaust system
was somewhat in excens of 206 uCi (3.3 mg).
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- Liquid effiusnts showed 3 maximum level in pond 5
on Masy 12, 1969 of BB pCliliter groms alpha and
12 pCifliter in Walmut Cresk near Gremt Western Rewser-
voir. During the month of May, daily ssmples of Great
Western Reservoir thowed s maximum of 5 pCifliter gross
alphs which is not elevatsd from normal readings.

Vegetation mamples anzlyzed mdiochemically for
plutonijum ranged up 1o 225 pCifkg of plutonium. The
uranium plus phtonium alpha content of these same
samples showed o anomalies from our routine envirosa-
mental sampling program resufts in prior ysar.

As this information was graduaily made public, the
Colorado Committee for Envirommental Information
{Pete: Metzger, Chairman) and 2 Rocky Flats subcom-
mittee of this group under Ed Marteil took issue with our
conclugions that no significant amounts of plutorium had
been released during the fice. At & mesting 2t Rocky Flats
the subcommitiee argued that our air sampling net was
not adequate to detect s channelized release, that vegeta-
tion was not 3 good sampling medium, thai a land survey
for localizedhot spots” should be conducted, that our
water dets showed 1 plutonium buildup in Raiston
Reservoit, and that soil samples should be collected and

analyzed for plutonium, We took issue with some of theit
points but did agree to conduct a limited soil sampling
program. We collecisd some 50 soil samples in August,
1969 but postponed analyzing them or even developing
an wnaiytical method for them until we had completed
our olher environmental samples. In the meantime Ed
Martell and Stewart Poet collected soil and water samples
in the wes and analyzed them in their leboratory at
NCAR in Boulder. Martall disckned his data in January.
1970 in & letter to Glenn Seaborg. Soil samples from 15
ivcations mostly sast of the plant ranged from 0.04 d/m/g
{his background sample) to 11,5 d/m/g of plutonum and
seven water samples from 0,003 te 0.4 d/militer of pluto-
mum. Sofl and water samples we had compieted by that
time were in genersl agreement with his data.

The AEC wmt Ed P. Hardy snd Phil W. Krey from
NYQ HASL to conduct an independent study of pluto-
nium contsrmingtion in the area in February, 1970, Their
findings are summarizad in HASL.235 (August, 1970).
They sampled 33 sites up to 40 miles distance from the
plant and found concenmrations ranging up to
2000 mCi/km? (40 dfm/g) offsite. Using a 3-mCi/km’
contour as ther loweat resdily discernible contour
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{approximately 2 times background from worldwide fall-
out) they conciuded the contamination from Rocky Flats
exiznded ¢ast and southeast up 1o 8 mules and contained
26Cy141.68) ot plutonium exciuding AEC-owned land.

The state of Colorado Department of Health zlse
conducted & survey of piutomum i surface sails offsite.
They composited 25 surface sampies from each of 13
segments. SWRHL snalyzed these samples and found s
maximum of 24 4/m/g. From these data the Colorado
Depariment of Health estimated 0.3 Ci (4.8 g} of pluio-
ruum as surface contamination offsite.

Using add:itional data, a group of Dow R and D
people estimated of fsite surface contamination to be 7.6
of plutontum.

Although Martetl had developed his study because
he believed the Mzy, 1969 fire had released lazge smounts
uf plutomium, it was soon apparent thgt the source of
contarmination was not the fire but {rom a contaminated
area onsiee, the 903 area previously mentioned.

in the jate 1950°s plutonium procesiing began gen-
erating large quantities of conlaminated cutting oils and
sojvents. These could not be shipped a contaminated
waste nor processed at the waste treatment plant. While
technology for handling these wastes and administrative
decisions pussuant were being developed, drums of the
liquids were siored in a field beginmng in 1958. Initial
plans calied for transporting the drums to the waste
trearment facility for processing s soon as necemary
equipment was installed. Rust-retardani had been added
ta the drums. however, in 1964 it was determuned that it
would be necessary 1o transfer the ~ rerial to new drumy
at the storage site. A small building for filtering and
rransferring the liquids was erected 1n 1966 and, in 1967,
the drum removal begen. The last plutonium-containing
drum was transferred in January, 1968, and ail drums had
been removed by June, 1968 Monitoring of the storage
area in July noted levels of from 2x10* 1o
3 x 107 d/m/g alpha activity and penetration of the sctiv-
ity from | 1o 8 in. Fill was applied the following year to
heip contain the acuvity and the actual srea on which
barrels had been stored, a 39% by 370 -ft rectangie, was
covered with an ssphalt psd compietsd in November,
1969. Additional fill was added around the pad in 1970
when soil sampies canging from tens to hundreds of d/m/g
were obtained. Soil stabilization studies were staried to be
applied to the entire area, and a revegetation program was
begun.

From materal balance calculations it was estimated
that about 5000 gal containing 86 g of plutonium (5.4 Ci)
had leaked.

We moved one of our onsite air samplers o the
secunity fence just east of the storage wrea in 1963 10
monitor the area. Figure 13 is a comparison of the air
sample data from this location with the average of the
other cnsite wr samples from 1963 through 1970. These
data are total, fong-lived alpha, oot plutonium concentra-
tions. Even so, the average concentratians arc well below
the guide for insoluble plutonium of ! pCi/m?. This
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sample stztion 1 about 1/2mi from the nearest plant
boundary (which is due emst). Even though elevated air
sampler were observed there was no indication of the
extent of offsite contamination occusring.

Referting to the arrows on the figure. from left to
nght, the first refert to the point in time when drums
were first observid 1o be beaking, the second to a period
of high winds following which hot spots were covered
with dirt. The next two demark the time of the drum
removal operation. The hughest point, sbout 1/3 pCi/m?,
occurred at the time vegelstion cover was removed and
pading sarted preparatory to pouring the asphalt pad.
The penultimate point at the right indicates completion
of the asphait pad, and the final srrow indicater addition
of base course material around the pad.

in summary, then, plutonium releases to the en-
vironment sttributable to Rocky Flats can be broken
down as follows:

1. Controlied Releases

Airbomne «ffluents 41 mCi=07g
Liquid Effluents SimCi=15g

2. Uncontrolled releases
1957 Fire Maximum of 1 g
1969 Fire 0.2l mCi=0.003g

Wind-transferred from
drum storage area 300-2600 mCi= 542 g

Obviously the most dramatic environmental impact
has been from the contaminated dirt transferred by high
winds from the drum storage area. However, zir-sampling
dsta directly downwind indicates that applicable guides
bath for occupational exposutes onsite and nonoccupa-
tional guides offsite have not been exceeded or approach-
ed.
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TOTAL LONG-LIVED ALPHA

S-8 vs. Average of Other On-Site Stations
Reodings from Station S-8
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Fig. 13

ROCKY FLATS PLUTONIUM RELEASES

1 CONTROLLED
ARBORNE EFFLUENTS 0.67g 42 mCl
LIQUID EFFLUENTS 1.4 g 30 mCl
X ACCIDENTAL
1957 FIRE mguptolg —~0D8Cl
1969 FiRE 3z mg =00002 C
CONTAMINATED SOIL
TRANSFERANCE ~429¢ ~26Ci
Fig. 14
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DETERMINING THE ACCUMULATED DEPOSIT OF RADIONUCLIDES
8Y SOIL EAMPLING AND ANALYSIS

E. F. Horty soui P. W. Krey
Hoslth and Salety Lakseatery
U. 5. Awmde Enargy Comunimion
New York N. Y.

ABSTRALCT

Soll sarpling and analy e is & feusible vy 1 detorming the aamarasetsd
amoun of isagived radinrveidn thet haw depmited o s pound Tiw
Heslth and Sufory Leboretery his memmwed ™ir ond plwtanium isstepes in
wil wmples W dovrwine golml and rgional depasition pevverm ol vwen-
wrise. Sitn mivation snd represemiivity, snpling, shd seabytial gresisien end

dinmamed In this paper. 12 & shown thet the prasision of replese
is the detsrmining factor in the pversll srvor sssesiemd

Introduction

Since the discovery of plutondum contamingtion
extending outside the Dow Chemsical Co. plant st Rocky
Flats,! thete has been a contagious interset i s0il sampl:
ing. This has come about primarily becaum of the failure
of nuclear plant envirormenu] moakoring symems to
detect chronic low-level relemses of mdionuciides. The
pmctice of relating total aipha or beta sctivity measure-
ments to the MPC's has been satisfactory from s regula-
tory standpoint but it has not peovided the information
that is now demanded. The questions being saked 10dey
relate to how much radicactivity from a specific nuclide is
puing cutside the nuciewr plant boundary. For the most
part, satisfactory apswers have not been given and plant
operators have been forced to rmort 1o soil mmpling in
order 1o find out, a1 2 first step, how much radioactivity
has accumulated in the enviromment from opemtions to
date.

If adequate nir monitoring and radiochemistry wers
curred out routinely, 3ol mmpling should play only 2
supplementary role in & monitoring progrem. Soil i pri-
marily useful sy an integrator of injtielly air-bome long-
lived radionuclides that have deposited on the pround.
Scil sampling for this purpose is not new 10 HASL since
we have used this method periodically since {935 to

0001589

delineate the giobal dismribution of fallout ™S and to
inventory the sccurmulated deposit 24

Sempling and Preparation

whare, by soms natursl process, the radionuclide is trans-
portsd horizomtally to ancther spot once it & depotited.

ther words, we awoid thom sress whers accumulation
or depletion tan occur through sich phenomena &4 flocd-

st 10 do is sumple along the baes of a fence, under &
tree, in o drainege ditch, on the side of en ant hill
etc. and the results might depict anything except what

sbow. There s conditions

s
|
¢
:
:

where il may be
100 km* area than ower 1 one square kilomnetst ares, For
example, we can do a globa) Inventocy for ™1 bysam-
piing leu than one-tenth of & m? of gound at only 100
sites around the world. 1t might be considetably more
difficult to define Jocs! deposition patterns in 2 desert or
mauntanous ures.

»
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As for soil ampling in a locally contaminated area,
HASL demonstrated that the Rocky Flats plutomium
could be inventoried by our methods.! We were able to
describe the contamination patiern as well and showed
that it extended about 8 miles east snd south east of the
plant. We se¢ no reason why our woi) sampling technigues
could not be applied to sny locally conaminated area
provided that the contaminant was initially made sirborne
it micron size particies from the source.

Whenever we talk shout deposition of air-bome
dabris the only meaningful values me e xpremed in unjts of
activity or amount par Uait srea. Soil sampling should be
carried out in such & way that the actusl surface area
sampled is known, Then the sntire sampie is weighed in
the air-dried state so that the activity per unit weight of
301l messured can be conwerted to area conontration.

Our mmpling and preparation procedurss are wall
docurnentsd® but a brie! description migh1 be helpful
here. We 1ry to find flat grassed sites where we can take =t
least tem, 3%-in ~diam coms tn & siright Line, specad about
s foot apart. Alwer drying, the entire sample i3 crushed
and blended. Then, about 3kg are paumed through a
pulveriting mdll. This is the ample from which aliquets
are taken for analysis.

Vertical Distribution of Radionuclides in Solt

Implicit in the sbow discussion iz the need to take
the soil sampie dée¢p ¢ncugh so that ali of the radionuclide
deposited t collected. Wa know that in time any nuclide
initislly falling on the surface will migrate downward. The

actual sxtent of vertical penetration wiil depend primarily -

upon the soil type, but many other factors are involved
such s precipitation amount, chemical form of the nu-
dlide, ete. At Rocky Flsts we decided to sample dowm to
20 cm on the basis of our expetience with LIt wa
fortunate that we did becauss we found that the Rocky
Flats phitonium was messursbls to 13 cm. Last fall we
100k depth profile samplet of the mndy il at
RBrookhavn and analyzed them for P%Cs and ™Sr in
addition to *™Pu. Tabie | sxprewses our results in terms of
the percentages of the total amount deposited for each
increment. Cs-137 wm messursbie down to 21 cm and
S and PPu wers detected as far down as 25 cm. The
point we wunt to make here, however, is that only 4010
60% of the total ™Cs, 51, and ™Pu from nuciesr tests
is in the top 7 cm of soil. Sintlar distribution profies
were found for the Rocky Flao plutontum. ' If one is
interested in measuring all of the deposited redionuclids,
we would advise sampling from the surface to 30 cm.

Site Reproducibility
The criteris for slacting u shis which repremnta the

accumulsted deposit in & particular ares have been dis-
cussed by Alexander’. Dy. Alexander developed the

38
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TABLE |

VERTICAL DISTRIBUTION OF FALLOUT
RADIONUCLIDES IN BROOKHAVEN SOIL

(FALL 197D)
Depth Purcent of Total
increment

(cm) e S
g-. 7 59 42 57
7-11 26 30 b
11-15 11 15 1l
15-21 4 8 3
21-28 0 2 1
25 -30 0 3 1

sampling techniques and did most of the ™Sr sampling for
HASL whan he was with the Departmnt of Agriculture,
We have 1 consdersble body of data comparing ™Sr in
solls st nearby st 2, 3, 4 u shown in Table I, The
average difference between pairs expresmd as a percent of
the mesn was calculated for each sampling year. The
deviations range from 3 to 109%. We find these data very
usmful for coavincing skeptics that sofl sampling can be
used to deterrnine the cumulative fallout Tor & rather large
area.

We now haw some information on comparative
sites in the New York ares for *Pu deposition. Table {11
thows the results of & mmples taken in three different
locations. The sversge ™Pu depouit is 2.3 mCi/km? with
a standard deviation of 13%. If {t were not so difficult to
find suitable sites in the New York sres we would prob-
ably have an sven mote precise value to report.

Analytical Precision

Somathing like 3 third of all soil samples analyzed
by HASL or contractors are run a blind duplicates. The
swrage percent deviations between aliquots of prepared
samples submitwd for analysis are shown in Table IV.
Again we are expressing the deviation aa the difference
between pairs divided by the mesn. For ™St the ervors are
lem than 10% excepi for the first year of sampling. The
plutoniurn analyses were done in connection with the
Rocky Flats study and the aversge percent deviation was
20. We began phutonium analyses in soi} only last year and
the procedure requirs more siill at present than does the
%5; method. Under thes considsrations this compan-
tvely larger error i undemtandable. We are presently
analyzing fallout ™Pu in soil samples collected through-
out the world and it sppeans that ths analytical precision
will probably average somewhere between 10 and 20%.
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TABLE N TABLE IV
TOTAL Yy IN SOIL AT NEW YORK MEAN PERCENT DEVIATION BETWEEN
AREA SITES DUPLICATE SOIL ALIQUOTS
Sempling Dupth wCi rl Sempling Alig. wt.  No.of Deviation
Period Site (em) km Year Isotope iz} _EE"_ (%)
Dec. 1969  Fordham Univ. 0.20 20 1956 oz 500 52 t
lan. 1970 b + 0.20 2.2 1957 " " 55 B
Jan, 1970 M t 0-20 26 1958 " " 102 [
1959 " »” 27 6
July 1970  Beonx Botanical 0-28 25 1960 " 250 40 9
1963 »" " 4] ]
Sept. 1970 Brookhaven 0-30 26 1965-1967 " " 87 b
Sept. 1970 " 0-60 2.1 1970 " 100 iz 5
1970 Wpy 100 9 20
Avg. 2.3 ¢ 13%
39
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Sample Size

When we first started soil sempling about 13 years
agu. we took 20, 3¥-n.-diam cores 10 [5 cm depth. As
time passed and we had to go deeper to gei all the ™1,
we cut down to 10 cores to minimize the physical exer-
tion of carrying these large wmples. The 10-core ampie
represents 622 cm’ of surface area. To test the religbility
of sampling 10 cores. Alexander collected duplicate sam-
pies at about 10 sites throughout the worid. The average
deviation tumed out to be 8%% which convinced us that
10 core sampies were adequate. At Rocky Flats we col-
lected duplicate soils at 2 sites as shown in Table V. The
rocky terrain made smpling difficult in some areas and
under thewe non-ideal conditions we were satisfied with
the agreement berween duplicate samplings.

Analytical Accurscy

There is no such animal as a primary standard soil
sample for artificial radjoactivity. In the first place, no
two soil samples are alike snd in the second place, there is
noe way to add a mdionuclide to 2 mmple w0 that it
represents the chemical and physical form of the elemnent
as it exists in the real worid. There is such 2 thing as a
secondary standard soil sample. This could be represented
by a large quandty of soil which has been dried, blended,
and pulverized and aliquots of which hsve been analyzed
on an inter- and intre-laboratory basis. We have such a
reference soil which we are now using for our plutonium
fallout study. Table VI shows the availsble results. The
average value of 0.042 dpmy/g is based on 13 results from
three laboratories using 100 and 100 g allquots. The
average deviation is only 5% and we can see no significant
difference among laboratories or aliquot size. This will
become 2 more legitimate standard as time goes on and
other laboratories report their data. One dsy it may even
become a standard in the true sense of the word.

TABLE YV
DUPLICATE SOIL SAMPLING IN TRHE
ROCKY FLATS AREA

Depth mli per km?
Site Sample  (cm) i

1 0-20 2050 70

2 0-20 1500 65

7 i 0-20 490 69

2 0-20 440 64

40
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TABLE V1
PLUTONIUM IN REFERENCE SOIL*

Miqnot dpm EhL

Lab @) per g
HASL 1000 0.043
" 1000 0,042

o 1000 0.042

" 100 0.041
PA 100 0.049
" 100 0.042

" 100 0.042

" 1000 0.044

" 100 0.041

" 00 0.041

" 100 C.042

" 1000 0.042
LW 1000 0.041
" 1000 0.042

Avg. 0.042 £ 0.002 (5%)

*Collected at Brookhaven in October 1970 and consists of {00,
Jh-in.dwm cores to 2 i,

The Blank

A real blank i 2 spil sample that is not contamin-
ated with the radlonuclide of interest. We inhecited from
Dv. Alexander a large quantity of soil collected in 1943, [t
has served as u blank through all of our ™Sr programs and
now for our plutonium work. The 2Pu resuits are given
in Table VII. We conclude from these data that contamin-
ation by laboratory handling, reagents, and other possible
sources under carefully controlled conditions, is not meas-
urable.

The Radiochemical Procedure for Pu

Finally we would like to briefly discuss the radio-
chemical procedure. [t wat deweloped by Norton Chu at
HASL to accommodats {00 g aliguots of the Rocky Flats
soils. [t involves leaching with 3 parts nitric acid and 1
part HC1.' The plutomium i scparated on an anion ex:
change coiumn and finally electro-deposited on a plati-
num disc. The procedure works for 1000 g aliquots also.
with some minor modifications. We have already demon-
strated that the acid ieach quantitatively remaves Rocky
Flats plutonium from soil.! Faliout piutonium can alse be
acid leached as we showed in the same report. We now

DO130422 D41
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TABLE vii
PLUTONIUM IN BLANK SOIL

Aliq. wt. Phpy
Lab s dpm per g

HASL 100 0.0003 = j00%
PA 100 0.00008 2 100%
100 0.00008 = 100%

100 0.00008 + 100%

100 0.00003 £ 100%

[{cy] 0.00003 = |00%

1000 0.00007 £ 100%

TLW 100 0.0002 * 100%
1000 £.00007 2 100%

have additional supporting data which & included In the
sammazy shown in Table VII. An analysh of variance
indicates that the pairs of duta sre the sarne at the 95%
confidence fevel. We fait & year ago that the question of
whether gobal fallout plutoaium could be scid leached
from soil was settied. This is simply & reiteration of our
porition with some sdditional evidence.

Fallout Mu-239

Dr. Harley has referred t0 our pressnt study to
inveniory the giobal deposit of SNAPSA ™Py. One dde
benefit of this work will be 3 gooeral picture o to how
Wpy is distribuwd. The Agure shows the accumulated
deposit of ™Pu at siter sampied in the United Statns

during the fuli of 1970. There are no surprises of abvious
anomalies. These are about the levels one would expect
from the wespons tests conducted so far. The heavier
precipiiation aress and the mid-atitudes show the higher
deposits just a1 we find with *Sr. We know there are local
areas of contamination such as at Rocky Flats. Ona
country-wide scale, however, if there is any plutonivm
that has been ot Is being released from a nuciear facility,
it bas not perturbed the accumulsted deposits from test-
ing mough to detect it

Cosciusion

We have discussed soil mmpling for the purpose of
determining the sccumulated depoit of initially air-botne
radionuctides mich az ™Sr and plutonium. Site represen-
tvity, depth, mmple size, and snalytical precision and
accuracy have been considered.

Wa are convineed on the basis of our quality control
experience to dste that the precision of replicate aliquot-
ing snd anslysis it the determining factor in the overall
srror aeociated with soil ampling.
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TABLE Vil
ACID LEACH Vo COMPLETE DISSOLUTION OF *Pu IN SOIL

Sampling Depth
year Site {cm)
1969 New York §-20
1958 Winois 0-15
1967 New York 0-20
1970 Brookhaven 0.5
1970 Rocky Flas 0-2
1969 New York 0-5%5
1969 New York O-2%
1970 Rocky Flats ¢-20
1970 Rocky Flats 0-20

oD
o
£
o
£
(S

dpm *Pu per g
loach comp. ol n
0.0044 0.0042
00051 0.0047
0.017 0017
0.042 0.042
0.060 0.080
0.094 0.091
0.21 0,24
3.08 318
11.5 16.0
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ANALYTICAL TECHNIQUES FOR THE DETERMINATION
OF FLUTONTUM IN ENVIRONMENTAL SAMPLES

by

N. A. Toivitie
Western Ervvicorweantal Rassarch Laborsory
Emvironmenial Protegtion Agengy
Las Vepas, Novada

ABETRACT

Tochniques ued by the Wemern Environmantal Resssrch Laborwtory for
improving the ssourssy and ssonsey of plutonium determinetion ix snviron-
mennl wwmpies are prossnnd. (giwnd seil, sk filtar, snd vegristion wmples are
propored for sralysis by rapid, total dissclution metheds in dpambie poly-
propyiens basitars. Plutenium in s wewr & concentreisd by coprecipltation
on forric hydracids. High sdeorpaion effisisnsy snd mparntion from therium
we obtsined by iea sxahange sepeintion of plutenium i1 T shiorostmplex
ion. Hyvragen pvaxide in wed both for sabilization of plutonium in e
quadrivalent sty during sdesrption snd for redugtion 10 the tivalent fiste
during sirtien. fumple wurest for siphn WesremeTy we propened by
80-mirerte slsowndapovitieons fram smmonium mifewe medis on slectro-
polished sminisn seel plahshets meuniad in low-sort, diepomisle esils. Count-
ing dow 5" convernn] by 2 compuaer pregrn 0 & report formet giving
sotivity of Wy aned 2%y par mmmple unkk, doposition per square kilometer,
wnd error sraet. The masn oversl vield from sevironmental wmples is 4%,
The full width ot half meximum resoletion s 37.5 mV it 12.8 ke par
channal sl 21% osunviing officiency. Tha minimum detectable activity i
10 1Ci ot ™Pu for o $000-minute count

Introduction dissoiution and concentrstion operations, ion exchange

spanation, slctrodeposition, apha spectrometry, and

The Technical Services Program of the Western En-
vironmental Reseawrch Laboratory haa analyzed environ-
mental and Mological samples for a number of plutonium
studies. Among these were analyms of air, water, and soil
samples a3 amistance o the State of Colorado in studies
of the Rocky Flats ares; of air and soll samples collected
at Bikini Island; and of sir, water, soll, precipitation, and
vegetation samples collected in the offsite areas suround-
ing the Nevadz Test Sits. Although the snalyss of sa
water is primarily a readiness prognam for incidents in-
volving plutoniumecontaining devices, the lnboratory has
provided analyses foljowing one such incident.

~ The anmalyticai process applied to samples consists of
the following operstions, which can be performed inde.
pendently: sample control, presnalysis prepantion,

peninqs

computer computstion of results. Aside {rom the consid.
entions of accurscy and sconomy, the selection and
development of technmigues has been to provide a single
process for all types of mvironmental and biojogical sam-
ples. Some of the techniques have been reporied pre-
viously "3 and are presented below as summaries, Tech-
niques that differ from these are presented in detail.

Sampile Control
The sample is assigned a serial number and gli per-

tinent information is coded on an LBM card which
accompanies the sample to the appropriate laboratory.

43
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Preanalysis Preparation

At preseni, two types of envitonmenlal samples
receive processing independent of the plutordum labora-
toty. Vegewtion samples are ignited in large muffle fur-
naces and the pulvesized ish is submitted for analysis. Soil
samples are air-dried and sieved with a 10-mesh sieve, Any
friable matsnal and loose aggregates of soil in the oversize
fraction are crushed in a mortar and pamsed through the
sieve. Sticks and geave! retained by the sieve are ducarded.
A 30 10 40-ml aliquot of the 10.mesh fraction, obtained
by repeated mixung and splitung in 2 riffle. s submitted
for analysis in & four-cunce, wide-mouth jur. When soil
and sediment sampies have an unusually high organic
content, it is more convenient to dry and ignite the
sample before an aliquot is taken. Preanslysis prepamtions
performed in the analytical laboratory are discussed in
conjunction with ssmpie dissoluton and concentration
techniques.

Disolution and Concentration Opesstions

All samples are prepared for the ion exchange wpar-
ation of plutonium by methods which, in effect, provide
for total dissolution of the sampic. The prepanstion is
simplified by the use of the 6M azeotropic concentration
of hydrochloric acid as the final soivent.

50il. The aliquot of 10-mesh soil is dried in an oven
overnight at 110°C and ground to a fine powder in 2
centrifugal ball mil). It is then returned 1o the sample jar
and mixed by rotating the jar mechanically end-over-end.

A one-gram aliquot is ignited in & parcelain crucible,
wansferred 10 & 100-mi dispossble polypropyiene beaker,
and spiked with ™Pu. A mixture of hydrofluoric and
nitric acids is add2d and evaporsted to dryness on s steam
bath with s specially-built top of 1/4-in. polyethyiene.
The top has 24 holes which allow the besken to it with
two-thirds of their depth into the bath. The evaporation is
repeated with 2 smaller volume of hydrofluoric and nitric
acids to ensure complete decompostion of the soil and
volatilization of fluosilicic acid. Niwate and fluoride are
removed from the residue by evaponting successive val-
umes of hydrochloric acid to drynes in the beaker. The
residue 18 then dissolved in 6M hydrochlore acid contain-
ing a few drops of hydrogen peroxide. The peroxide
teduces any hexavalent piutonium which might have been
produced during the decomposition process.

Vegetation Ash and Air Fikees. Vegetation ash and
air filters are decompesed, spiked with Py and prepared
as 6M hydrochloric acid solutions in the same manner as
soit. One g of vegetation ash is weighed directly into a
red polypropylens beaker. Glass-fiber filters are folded
into a wad, ignited in cupped stxinless sieel planchets. and
transferred to the beaker. If the weight of the filter
exceeds § g. a section is cut from the filter for analyss.

44
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Composites ar¢ made by cutting circles from each filter to
represent a known fraction of the fltering area. Filiers
composed of organic matenals are ignited in platinum
beginning with 3 coid fumace. Any amount of filter
material can be handled provided that the total ash weight
does not exceed | 3.

Water and Pracipitation. Sea water and saline water
samples are anidified with hydrochleric acid.
Plutonium-236, iron carrier, and hydrogen peroxide are
added and the sample is heated to decompose the per-
oxide. The iron acts as a catalyst to decompose organic
matter while the valence equilibrium in the presence of
hydrogen peroxide serwes to interchange the internal
standard with the environmental plutonium, The pluto-
nium is carried on & ferric hydroxide precipitate which is
redissolved to give s M hydrochloric acid solution. Any
imsoluble rexidue is separated and then solubilized by an
abbrevisted version of the soil method.

Plutonium in fresh waier and precipitation samples
can siso be concentrated by coprscipitation on ferric
hydroxide. This i convenient if the sample has been
filtered to determine the soluble plutonium stparately
from that associsted with the suzpended solids. For total
plutonium in unfilteted mmples, the sample is evaporated
to dryness, we-ashed with nitric acid and hydrogen per-
oxide, and that portion of the residue which is insoluble
in 6M hydrochloric acid i solubilized by the abbreviated
soil method.

‘jon Exchange Separstions

Apparstos. The ion exchange equipment consists of
2 bank of 24 columm in a hood specially-designed to
carry off the wcid fumes. The units are commercially
available and consist of 14.5.mm-i.d. tubes having integral
reservairs and stopeocks with Teflon plugs. The catalog
itemn is modified by adding & sealed.in, coarse giass frit.
The columns contain & 20-ml volume of anionic resin
capped with a layer of fine silice sand. The sand enables
reagents to be added without perticular care and, because
the capillarity of the snd acts as valve ta stop the flow.
the operator it free to spend time on other phases of the
amalysis.

Colums Operstion. The M sampie solution is ad-
justed to 9M by 2dding an wqual volume of concentrated
bydrochloric acid. Hydrogen peroxide is added to chift
the equilibrium in favor of the quadrivalent state. The
solution it filtered into the reservoir through a piug of
glass wool in the stem of s disposable funnel. The filica-
tion removes barlum chlaride which precipitates from
glass fiber filter samples and sodlum chloride which occa-
sionally precipitates from evaporated water samples. After
passage of the sample solution through the resin, co-
adsorbed iron and uranivm are selectively eluted with
nitric acid. The nitric acid eluate can be reserved for the
deterrmination of **Fe and uranivm.
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The plutonium is eluted with a 1.2M hydrachlonc
acid-0.6% hydrogen peroxide reageni. The peroxide in
dilute acid shifts the equilibrium in faver of the trivalent
start and has another advantage in that no nonvolatile
jmpurities are introduced. A 0.5-ml volume of concen-
teated sulfuric acid is added to the ejuate, which i then
evaporated overnight on a low-temperature hot plate. No
fuming of the sulfunic acid or wet-athing is requited,

Electrodeposition

Apparatus. The disposable electrodeposition cells
are constructed from linear-polyethylene liquid scintilla-
ton vials and hold a 3/4.in. swainless steel planchet. The
cell supports and cathode contacts are 1/84n. potentiom-
eter shaft locks attached to machined Lucite baser with
non-insulating banana-plug jacks. Twelve electro-
deposition units are operated in paratlel from a single
power supply. A storage battery automatlcally supplies
cutrent in case of 3 power fadlure.

Electropolishing The planchew are polished to a
mirror finish while mounted in the cells using & revened
current of 1.2 A for six minutes. The electropolishing
electrolyte is an adaptation of a formuls containing phosx
phonic and suifuric acids which i1 used tndustrialiy for
polishing stainless steel.

Electrodeposition. The sulfuric acid solution of
plutonium s diluted and neutrslized to give a M
ammonium-sulfate electrolyte having 2 pH of 2.0 1o 2.3.
The deposition is essentially quantitative in 60 minutes of
electrolysis at 1.2 A.

Alphs Spectrometry

Apperatis. The counting zystern has eight silicon
surface.barrier deteciors. Two detectors are mounwd in
each of four vacuum chambers. The biss voliages for each
pair of detectors are provided by dusl power supplies.
Each detector of the pairs has its own presmplifier, linear
amplifier, and biased amplifier but the pairs of sigrals are
brought into dual input 400-channel analyzers operating
in the multiplex mode. The dsta from the four analyzers
feed into 2 tingle digital printer through solencid-operated
banks of switches.

Spectrometry. The enetgy range 5 3.5 to 5.0 MeV
in 200 channels which covers most of the afpha emitcers
of interest. The plutonium peaks appetr in the second
100 channels of the 200-chaniel spectrum. The resolution
is three channels a1 12.5 keV/ch or 37.5 keV full width at
haif maximum and the mean counting ¢fficiency is 22%.
The counts in 16 channels are summed for each of the
plutoniium isctopes.

Low-level smamples are counted owernight for
1000 min and higher leve! samples during the day for 400

0067097

min. When the semple load s light. lowdevel samples are
counted for 1400 min. The detection limut for PPu with
1000- to 1400-min. counts i 10 Ci a1 two standard
deviations. The detection limit of Py i 20 fCi because
of the higher background.

Computer Compatation

The sampie data, sample 2nd blank counts, and
calibration data are coded for the computer. The com-
g:: is programmed to give & printed report of ™Pu and

activity per sample unil, deposition in sail per
square kilometer, two sigma error terms, and the percent-
age yield of ¥Pu. The yield serves a5 2 quality control
over the sampie preparation, ion exchange, and ejectro-
deporition techniques. The yields are generally over 90%
and average 4%

Condusions

Techniques have been selected to improve the ac-
curacy and sconomy of the analytical process. Total dis-
solution methods insure that all of the plutonium is
exchangeable. Low-cost, disposable equipment minimizes
cros-conlamination and eliminates the need for involved
decontarmunation procedures. Electropolishing of the dis-
posable sixinless steel planchets results in a scrupulously
clean and bright surface at Yow cost. The ion exchange
and electrodeposition methods give high chemical vields
and essentafly weightless sample sources which contrib-
ute 1o counting precision.

The decomposition-dissolution procedure for soil,
air filters, and vegecation ash requires less than two man-
murutes of atrention per sample and can be scaled up to
handle 2.5 or 4g of sample st lirtle additional cost by
using correspondingly isrger disposable beakers. When
sampies larger than these are required in order to integrate
a non-uniform distribution of plutondum, an aliquot can
be taken for sdditional processing after the sample has
been decompossd sufficiently 1o interchange the internal
stndard with the sawiornmental plutonium. Ses waier
samples up to 10 liters in volume can be anzlyzed without
modification of the basic procedures. Reference 1 con-
tains a procedurc for the analysis of |0 samples of coral
limestone soil. The senaitivity i adequate to detect back-
ground levels due to worldwde contamination from nu-
clear testing in 1§ of murface s0il or in an air filter
representing 500 cm® of gir. Oneliter samples are sde-
quate for the determination of plutonium in potabie
watey.

Because the operstions, other than sample prepara-
tion, are identical for all types of environmental and
hiological samples. techniciany can conduct all phases of
the analytical process after 2 short training period; and.
because the operations can be conducted independentiy,
peak sample losds can be handled by temporary assign-
ment of personnel but do not require a correspending
increase in space and equipment.
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SAMPLING AND ANALYSIS OF SOILS FOR PLUTONIUM

by

F. E. Buther, R. Lisberman, A, B. Swong, end U. R. Mon
Esstern Environmwntsl Radistion Laborstory
Environmental Protection Agancy
Mompomery, Als.

ABSTRACT

This paper demerihay tha grogrem in melysir of wils srtifisially apilced
with plutonium, il esmtaining pertiouiste plutoniom depssiiet from s pros-
msing plam, sl soils ewraining fallout piutenium. The emphis is on
distribution of the ssiinide determined sfter beth fusion snd acid imechving

i

The revidhes from multiple sveporrtions of w0l with hydesflyorio seid i
fused with prussium faseride snd potasium pyrosuifste, disssived in dilute
mHuric seid, sl the miution svaporswd 0 remmve fluorides. Mutoniem i
then extrawted with & hydroohioris soid solution with wi-snotyleming {TIOA)
ard rerigped frem TIOA with dilve sold. Parwonium b soprspipiawd with
LaF,, the precigiten filtered onto ¢ 0.2-4 polycarhonats filee mambrans, anc
the plutonium seunted in en alphe spectromuter,

Reswsery, indlssmd by “Pu tramer stiied 10 ssch mmple, i 78 £ 8% for
5g solle. Reasvery i1 higher for smalier mmples. Assays of {ive interlaborgtory
cross-sheak 10l in the renge 0.5 to 18.0 pCi/p vieidad sn aversge srror of only

3.8% by this mathnd.

Introduction

There are 2 number of problems associated with the
analysis of plutonium isotopes in s0il samples. These
problems can be atiributed to one or hoth of the follow-
ing conditions:

® The plutonium may be of a refractory nature and
not #asily separated from the soil matrix.

® The mode of distibution of the plutonium could
have produced erratic and nonuniform dispersion of the
radionuclide in the soil.

A number of fution procedurer have besn devel-
oped 1o insure dusolution of refractory components, in-
cluding piutonium, from soil sampies. These methods,
however, are Limited to soil sample sizes of 10 g or less,

Analysis of small soil samples by fusion can result in
misieading data dependent upon the degres of

go01in9q

nonuniformity of the plutonium at the sampling site. To
overcore this difficulty, larger soil samples have been
leached with various acid mixtuses.

This paper describes 2 fusion procedurs used af this
Labotstory for plutonium analysis in soil samples. Results
of the procedure are compared with various acid leach
pracedures performed aon identice! soil samples.

Experimenta)

Fuslon of Sofl. Initiai experiments using the rea-
gents poiassium carbonate, sodium carbonate, sodium
tetrgborate decshydrate, barium sulfate, potassiom hy-
droxide and others in various combinetions were nol
successiul in this Laborxtory. The reagents showing the
most promise were those used by Sill' for 1% analysis
af soil. Varistions of these reagents yielded a fused sample
that was completely soluble in N HC1. The procedure is
as follows:

47
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|. Add Sg of dried, sieved, and muffled (550°C)
s0il 10 a teflon beaker. Add Py tracer,

2. Add 25 ml of 28N HF and evaporzie to dryness
at low heat. Repeat thres more times 1o volstilize the
silica. Finally. add 15 mi of 12N HCl and evaporate.

3. Transfer the powdery residue to s 50-ml plat-
inum crucible with the aid of a policeman.

4. Add 4g of KF. Place & platinum top on the
crucible and fuse over 3 meker bumer for 30 min. Add
7.5 g of K38, 02 and fuse for en additional 30 min.

5. Cool the crucidle ip &n ice bath, add 1S ml of
12N HCl and evaporate. Add 30 mid of waier, heat and
transfer to a beaker.

6. Rimse the crucible with & portion of 200 mi of
6N H, 80, added to the beaker. Evaporate past the white
50," fumes to remove ail traces of F~.

Pusification with THOA. The Uquid ion exchanger
tA-sooctylamine (T10A) teported previcusly? was used
to separate the plutonium isotopes from calcium snd
other trace elements in 30il a3 well as natural ursmium,
The procedure is as follows:

I. After removal of fluorides, dissolve the residue
in 6N HCl with hest. Use the totsd volume of 400 ml
6N HCI, including rinse, to transfer the solution to a
separatory funmel. Add 10 drops or 30% Hy Oy to adjust
the Pu 1o valence (IV).

2. Add 25 ml of 10% TIOA-xyiene and shake brief-
ly. invert the funnel and relesse the pressure. Shake the
solutions for one man.

3. Drain and discard the aqueous solution. Rinse
the organic layer with 25 ml of 6N HC) and discard the
rinse solution,

4, Strip the Pu from TIOA with two 25-ml volumes
of 4N HEI0OSN HF, shaking for two min sach strip.
(Uranium may then be stripped from the TIOA with
0.IN HC! and analyzed separatsly.)

5. Add 10 ml of 16N HNQ, to the combinad strip
solutions and evaporate to dryness. Further wet ash the
residue with $ mi of 12N HCI plus 5 mi of HCIO, .

Coprecipitation and Coun-.ng. Plutonium is copre-
cipitated with a trace amount of LaF,”? sud flhered onto
sither 2 polycarbonate filter membrane (Nuclapore) or 2
wivinert membrane {(Miilipore). The sutormatic low-
backgpround alpha spectrometer was described previow-
ly.#* The procedure is as follows:

Co01i00

1. Dissolve the wet-ashed residue in 10mi of
IN HC!, heating to sbout 60°C.

2. Cool the solution to room temperature and add
1 drop of 50% H; 0, to adjust Pu ta valence (1V).

3. Add 0.) mg of lanthanurm (lanthanum nitrace
digsolved in IN HCH) and 2 mi of 3N HF and allow the
precipitate to form for 30 min.

4. Filter in & Millipore apparatus onto & 25-mm
0.2 4 membrane. Wash the beaker with water then with
#leohol. :

S, Mount the filter membrane on double-faced ad-
hesive tape attached 1o a2 30-mm planchet.

6. Count the sample for 1000 min in the alpha
spectrometer.

7. Calculate the gquantity of plutonium isotopes
and correct for the recovery of the known *Pu added
initiglly.

Laaching Experimsats. A 30il sample was spiked
with *Pu, The sample was dried, muffied, and thorough-
Iy mixed and analyzad by the fusion procedure.

Duplicste waching experiments were conducted
with six wlutions, Ons§ mmples of woil were heated t0
boiling with 10-ml wolupws of leach solution and then
allowsd to digest for one h. They were then filtered and
the filters waghed with bot water until the to1al volume
for each sampie was 20 ml. One-mi sliquots were analyzed
by liquid scintillation counting. Resuits are shown in
Table 1. Note that the HC! ieaches were more complete.
Subsequent tests on a vanety of soils, inciuding those
mentioned in the next ssction, showed that HF is often

required for complete leaching,
TABLE ]
LEACHING EXFE NTS OF SOIL CONTAINING
1700 DM PER GRAM

Py dpr/gram
Leack Solution Sample 1 Sampie 2
Water o o
4N HC 1520 1600
12N Kl 1520 1600
LN HF 0 0
28N HF 50 220
4N HCL. <IN HF 740 720
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Resuits and Discussdon

Figute 1 shows the sipha spectrogram obtained by
analysis of a soil through the fution procedure using the
lycarbonate membrape. Note the good resolution of
Eit:Pu. By, and PPy, which aliowy the guantitative
determination of the isotopes.

Table [l shows good precision snd accuracy of anal-
ysis of five interlaboritory soils by the fusion method.
Although the fusion method and subseguent chemical
sepazation is described for 54 samples of soils, It has been
employed for differsnt quantitier of soil. The fudon of
mote than {0 g of woil sppears impenctical with this pra-
cedure.

Anglysis of 20 enviommental soils from Mont-
gs‘:‘ery, Alabama and Cape Keanedy, Florida, resuited in

recovery of 75 6% These 54 samples assayed
between less than sensitivity (.03 dpm) to
0.08 dpm/g MPu.

One concern in analysis of soil is the distribution of
plutonium particles and, therefore, the proper techniques
for sampling and the optinum amount of sample required
for representative analysis. To investigate these factors, ¢

50
236Pu
N\
40+
V
w 30-
caz 238':,u
v 239, 1
® 20
2
=
I
@
10~
C 1 J:*j HJV hl__l
o] 50 100
Channel Number
Fig 1.
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s0il was obtained from a nuclewr processing plant where
3%, had been Geposited in particulate form by sccident
spproximsteiy one ysar before receiving the il The
particles had besn covered with approximately 11 in, of
fresh soii during the year prior 1o sampling.

The soil was dried, mufTled a1 $30°C and thorough-
ly mixed prior 1o analysis of 21 14 samples by the fusion
method. The recovery of Pu war 81.6 £ 8.3% with
maximurm and minimum recoveries of 99% and 64%. The

in the soil was 0.57 £ .40 dpm/g; however, with
maximum and minimum asssys of 1.72 and 0.25 dpm/g.
The relative standard devistion was * 70% compared to
only 8% for the sdded tracer.

Twentyq batches of the sbove 20il were leached
with & total volume of 200 mi of solution in the manner
described in the Experimental Section. Ten-ml aliquots,
repeesenting 1 g of s0il, were analyzed by the TIOA
exchange peocadure, Results are shown in Table f{l. Note
that these snatyses show the HCI-HF leaches yvield *¥Pu
2354Y1 very close to the mean of the 2] fusion assays.

Summary

i. A fusion method is described which yields accur.
ate plutonivm results for small samples {1 to 10 g) of wil.

2, The distribution of particulate piutonium de-
potited accidentally on soil can vary simost tenfold from
gam to gram.

3. Analysis of a relatively large portion of the par-
ticulate s0il after acid lsaching results in less varation in
rephicate analysis than the analysit by fusion of !g

aliquots,

4. No leach experiments were performed on actual
atomic debris plutonium; therefore, no claim is made that
the highly refractory plutonium in fafjout is soluble in the
various leach solutions.

Azicrowledgment
The suthors wish tc express their appreciation for
the technical wssistance of Miu J. Favor, Mis. E. W.
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TABLE 1i
RESULTS OF PLUTONIUM IN SOiL CROSS CHECKS

Sampit BERL (pCi/g) KNOWN (pCifg) ERROR, (%)
Number 2y, g"l’u apy "'Pu Dipy ¥py
{ 407 15.80
319 15.90
ﬁ 15.60
Avg. 344 158.77 26 15.68 24.5 0.6
2 - 03
032
030
Avg. — 031 - 031 - 0.0
3 — 243
2.56
2.3
Avg. - 243 - 2.24 - 8.5
4 - 16.58
16.36
15.69
Avg. - 16.34 - 15.59 - 4.8
5 - 0.52
0.52
045
Avg. - 0.49 - 047 - 12_
AvE. 36
TAMLE I
LEACHING TESTS USING SOIL CONTAINING PARTICULATE DIpy
D%y Asay (dpeo/y)
Lasch Solution Sermpie )
4N HCI 0.22 0.22
4N HCl- IN HF 057 0.42
4N HC1-2N HF 0.64 0.69
Ralerences

1. W, Sill and C. P. Wilkis, Anai. Chem. 37 No. 13 166 (196%). 3. R. Liebarman and A. A. Moghisz, Helth Phys. 15, 359

(1968).
2. F.E.Butk., Heakth Phys. 1§, 19 (1968).
4 H. L Kelwy, N E. Shuping, R. H. Schnsidsr, and A, A.
Moghissi, Nuclear insuruments and Matbods 70, 119 (19€%).
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USE OF PLUTONIUM-238 TRACER AND PROPAGATION OF ERROR

Clauds W. $ill
Heutth Sorviess Laborstory
L. 8. Avwomiz Eneryy Commintion
idabo Fellz, ldeho

ABSTRACT

Tos use of Py traser to meks yield aorrections in the determination of
Both 3%y and PPy it Otseussed, Doth from the theorstissl snd prectiost

points of view.

The sonsequaenes of using toc-small quertities of Py waaer is thet the
uncartminty in the yield detsrminetion beasows mush gravier than the uRcer-
winty in tw Wl count of plutonium in the sample. I lrge quantities of
gy, tracer are umd to Improve the statistice of the yiek! determinstion, other
problerms are ntrodused; thess e discussed.

Plutonium-236 tracer has been used almost univer-
sally for seversl years to make yield corrections in the
determination of both PPu and ™pu. Although it is of
great assistance when used properly, many investigators
have appatently considered the asbility to correct for
chemical inadequacies to be an sdequate substitute for
good chemistry, even when the yield goet m low s 10%.
There are severa] problerns amocinted with its use, none of
which have even been mentioned In sny of the articles on
the determination of plutonium so far sxamined.

As should be well known, the nacistical uncertainty
in the determination of the yield must be passed on to the
determination of the nuclide being sought in the samplie.
Yet, few analysts seem 1o consider, mt least in their
published works, the effect of quantity of tracer used on
the sensitivity and accuracy of the determinstion. A
widely used method of error propagation' thows that the
fractional error in the value of the nuclide being sought is
equal to the square root of the sum of the squares of the
fractional ercors in each of tiw independent variables
involved, ) X, Y, and Z are the total counts obtsinsd in
the energy intervals for the Py beieg sought, the Py
tecovered through the procedure, and the ™ Pu in the
standard from the same quantity of tracer, respectively. g,
E,, and t are grams of 1ample, counting efficiency used in
the standardization, and time in ndnutes, respectively;
and B,, B, and B, a7 the respective background counts

0007103

or other corrections for the same counting time, then

X-B) @-By)
Y-By) EE t

In other wards, the concentration of 3*Pu in the sample
u simply the 1auo of net counts of Py to Py re.
covered maltiplied by the dpm/g of *™Pu added as tracer.
It shouid be noted spectfically that once the concentra-
tion of Py used has been determined, neither counting
time, counting efficiancy, nor errors therein have any
efect on the accurscy of the determinntion except as
they affect the statistical errors resulting from total num-
ber of counts obtained. Elmination of the effect of
changes in counting efficiency is particularly iemportant in
routine work becguse a significant source of inaccuracy is
the varistion in counting efficiency that froquently results
from uneven distribution of sctivity in the electro-
deposited plate and variations in both distance and vert)
cal alignment of the counting plate with respect to the
detector. 1f it is arranged 90 thm g, E, and 1 do not

Py, dpmig =

contribute significantly to the ertor, the absolute uncer-
Lainty in the cencentration in dpm/g equals
5 5
Ppudpmigr =  + =1 + =

X Y z
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where 5 indicates the uncertsinty in X and is tsken equal
to (X + B,)*. When the blanks or other corrections are
negligible compared to the total integral, 3, becomes
equal ta X', and the fractional error funciion reduces to

1,1, 1

X 'Y 2
ot the square root of the sum of the reciprocals of each of
the to1al counts invalved, wiuch is simpler 1o use. If the
quantity of P*Pu andfor the counting time used in the
standardization is sufficientiy large, the etror function
simplifies Lo the first two terms in either equation. If the
quantity of Py tracer used in the wmple snd the yiskd
are both sufficiently high, the total uncertainty in the
determination will be determined entirely by the uncer-
tzinty in the ™™y count, as it should be.

With the small quantity of ™ Pu tracer used by
many workers, the uncertainty in the yield determination
becomes much greater than the uncerinnty in the toral
count of the from the sample. For example, if a
100-g sampie containing 0.1 dpm/g were traced with
3dpm of with 2 yield of S0% and the fina! pluro-
nium fraction were counted for 107 min at 25% counting
efficiency on 1 clean detector, and the same quantity of
tracer were standardized under the same conditiona but
with 2 yield of 100%, the overal] fractional error would be

1250 375 750
or 0.069. The resulting uncerainty of 13.8% at the 95%
confidence level is probably sccepiable in the determina-
tion of the low levely presently resulting from global
fallout, However, it is undesitably large for more precise
needs at higher levels and is unnecewsary in any case. At
the 95% confidence level, the uncertainty in the yield
determination alone is 12 6% comparsd (0 only 5.6% due
to the uncertainty in the #Pu count slone. The unces-
tainty in the ™ Pu count alone could be further reduced
10 4% if the yield were alpn incresssd 10 100%. As the
concentration of 2Py in the sample becomes higher, the
wme imprecision becomes s accaptable but the overall
uncertainty in the final answer it still determined by the
telatively [arger uncertainty in the yield determination
tesulting {rom use of oo Little uscer, In fact, it should
not be difficult to develop & procedure whose recovery
would be known more pracissly than 12.6% without 3
sepurste yield determination. In our experience, the pres.
ent procedure is reproducible to within 5%.

On the other hand, if large quantities of Py are
used to improve the statistics of the yield determination,
other problems are intzoduced that are sven more werious
when the Py content is low. Plutonium-236 has two
main alpha rays zt 5.769 and 5.722 MaV both of which
are higher in energy than thowe of sither ¥Pu or 3y,
Although the three isotopss can be resolved sasily and
completely with cutrent imstrumsataiton, some of the
alphu perticles from the higherenetgy P*Pu wre scattered
continuowly und quite uniformly through all lower

52

00075104

enesgies to zero. The quantity scattered is dependent not
only on the particular counting chamber used and the
quantity of absorber present bui also on the condition of
the detector waelf. The percentage scattered is relatively
mmall but if the total number of counts coliected i the
ain peak becomes very large, the nurnber scattered into
the lower chaunels represents a significant incregse over
the normal background of a clean detector. The conse-
quent decresse in both mmsitivity and precision for **Pu
won becomes the overriding consideration and makes the
imprecision in the yield determination of secondary im-
portence. Furthermore, ™Pu decays o ™1 which decays
in tumn to P*Th both of which lie between *Pu and
3Mpy, further complicating the resolution and increasing
the scatter. Even if freshly purified, the ™Pu will regrow
its 72-yr daughter to sbout 0.5% of the ™Pu activity n
6 months, mecesshating repeated purification. However,
the groatmt drawbeck is that generally contains
both ™ Pu and *™Pu in quantities that are casily detect-
able when large quantities of ™Pu and/or long counting
times sre used. As with the scatiered radistion, the result.
ant incresse in background soon becomes intclerable in 2

for the determination of low levels of 2Py and

in the environment.

The Py presently in use in this laboratory, after
purification from (] ynd its daughters, gives 0.004% of
the total 2Py intagral per channe} {12.5 keV) at lower
enctgies due 10 scatter only. The scatter phu plutomum
contamination i 0.07% of the 1otal ™ Py integral in the
P integral (10 channels), and D.7% in the Py integral
{16 channeis). If 2 combination of Py sctiviry, counting
time, and counting efficiency are chosen yo that 10%, {0*
or 10 total counts are obtained on both standard and
sample, the statistical uncertsinty ai the 95% confidence
lovel on the yield determination alone will be 9, 2.8, and
0.9%, tespectively. I we define the detection lmit 2»
being the net count that is equal to twice its own standasd
deviation and take 3 pulses in the particular integral as a
normal detection imit on » clean detector, the increased
background from these same thres lavels of 10ta] Py
counts would raise the detection limit by abeut 1.7, 2.7,
and 7 uimes, respactively, for » 10-channel integral due to
scatt oaly; by about 2, 3.3, and 9 times, respectively,
for the integral; and by about 3.3, 9, and 26 cimes,
respectively, for the 2Py integral.

The incressed background has & simiar sffect in
decriating the precision of the determination and the
uncertainty increases either a3 the sample activity de-
creases o1 as the quantity of ™Pu used increases. Conse.
qently, 2 compromise is necessary, and the quantity of
tracer uded thould be much less for low-level mpies than
for high-ievel ones. Beceuse the coacentration of the Py
tracer is the fundamental value on which all subsequent
analyses dspend, Its determimation should be carried out
s carefully and sccurstely a3 possible, using as least as
many total counts st will be obtained subsequently from
the highest sample to be analyzed. The standardization is
completely separate from any actua) sample amalyses so
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that large numbers of counts can be used without prob-
lems due to scatter ot contamination with other pluto-
nium nuclides. In fact, o large count will de heipful in
determining the scaiter and contaminstion with sdequate
precision. Consequently, the uncertainty in the determin.
ation will depend entirely on the number of counts of
PPy and Py obtuned in the amalvais. If the yield is
also high, even the *™Pu count will not contribute sugnifi-
cantly to the imprecasion uatil the P count bscomes
mestly equal. For example, in this laboratory, s total of
10% to 107 counts are used for standardization of tie
9Py tracer and determinstion of the scatwer: 2 x 10°
counts are used on background-iew] samples up to sbout
0.8 dpm/g uting & 107 .min count st 25% counting effi-
cisncy on a 10-g sample: 10 counts are used for
medium-level work up o about 4 dpm/y; and 10? counts

0003105

are used for highest precision on higher levels at which the
increased scatter and contamination will be reiatively in-
significant. The upper end of the two lower ranges 15 the
level at whech the uncertainty in the *¥Pu count becomes
mual to that tn the yield determination. re., the total
counts of Pu and Py recovered are equal.

Refersnce

1. R J Overman and H. M. Clark, "Radicisotope Techniques.”
i, N, Y., 1963, p. 109,
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EXPERIENCE GAINED FROM AN EXTENIIVE
OPERATIONAL EVALUATION OF THE FIDLER

by

D. K. Cose, W, 7. Burtiett, and G. §. Kush
USAF Ruflolegienl Mesith Luharswry
Wright-Patsarson AFE, Obio

ABSTRACT

The prompt amessent of plutesiom distribtion rangiting from nuelear
weapern: susidunt/Avaidert dobris dupends veungly on the sbliity » degley
oparmtionslty ready wam of thereughly wainmi pereanel squipped with
retinkiy aquigenant. A program of romtine wsting of fowr FIDLER rmponss kits
has reowitd i & compivhs shersesevisstion of e inverwiomert oud & snvaple-
mont of porasamal asfuniving with iw operetion, haripeming, i, fold
appliuntion. Pasits of sintistiasl relishility ek on S FIOLER, & dissusion
of lnsvrumasisl defisionsios slmerved, and & renery of on sasidant/neident
wuiniyg pragram ol bs prmsvted. The sxparisnes gained from sush & Erogrsm
sliowrs the UBAF Radisiogienl Masich Lohorseery w0 fulftl I responsibliity tor
woridwids Alr Form weopen secident incident hazerd sveluetion,

Introduction

The ability to promptly svajuate the radiclogical
hazards associsied with nuclest wespons sccidents snd/or
incidents is of prime intermt to the Alr Foecs, To satinfy
this requirement, the USAF Radiological Health Labora-
tory has been tasked with prowidisg an immadiste re-
sponse capability in the event of such an occurrence ona
worldwide basis. We have propased for this task by nati-
tuuing & program for scquiring and meintsining sppropri-
ate instrumentation, snd for trainieg & compleownt of
personnel in the use of thic instrumwatstion i evaluating
the distribution of accideni/incident debris. This program
has, as two prime objectives, the familarization of persan.
nel with the actual equipment and the maintesance of
equipment in an operstionally ready status. The basic
eqiupment empioysd for the detection of plutonium and
daughtens is the Radisc Set P/N 400520, whom primary
component is the FIDLER,! » scintillation instrament for
detection of low4nergy photons. The basic characteristics
of this instrurment have been outlined, "> s weil »s investic
gations on the temperature dependence.’ and effects of
overburden.' Thess investigstions have served well 1o
supply the baaic charactenistics of the nstrument. {n

G00T1I0T

order to incorporate the FIDLER into & response teady
program. Additioctal information was necesury to evalu-
ate in wrviceshility and 10 identify and remedy and
deficiencies i ity long-term reliability. A program for
routine caliveation and evaluation of the stability of the
FIDLER, coupled with fieid training seseions for response
porsonnel, hae been carried out for a period of 14 months.
Evalustion of the statistical reliability of the instrument
hay mded in the identification and correction of several
problem aress which could have hindered the validity of
the FIDLER in a foid situation. The result of such a
program Of testing snd training is 1o insure that the
instrumentstion will be operational when needed. and to
provide thorough familiarizadon with the equipment for
those using it.

Methodology

The Radisc Set P/N 400520 {Eberline Instrument
Co.) consists of three probes (3 FIDLER scinuliation
probe, 1 PG-2 wintillation probe, and a SPA-3 scintilla-
ton prabe), & PRM-5 pulserate meter, and vacious a0ces-
sy components, housed i an aluminum, flex-hair-lined
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carrying case. The PRM-5 is a battery operited rate meter
with puise-height anaiysia cspability and supplies three
switch-selectabie, wndependently adjustable high.-voltage
setungs. A total of four kits were employed in this study.

For routme use i Broken Arrow operations. the
PRM.5 is set up to pronde maximuim response 1o pluto-
nium and its daughters, Generally, the puiss-haght anal-
yiar is operaied with ¢ 100% window width. The three,
swilch-selectabie high voltages are adjusted as described in
Table 1.

The long-term testing of thw inxtrument relisbility
consists of performing messurements of the responss of
each instrument to the 17 keV and 60 keV photoms of
Miam, Since these response checks are incorporsisd into
familiarization sessions, two procedures are followed. The
first check comsists of messuring the response of both the
FIDLER and PG-2 probes to a pominal 100 nCi ™*Am
source in contact with the detector face. Net counts pet
minute sre tabulated and wed to calculste running means
and standard devistions. The scond portion of the testing
procedure consists of a calibration of the point and area
sanaitivity of each probe using procedures described by
Tinney ® Each detector is suspsnded at 3 height of
3105 cm (12 in.) above a surface and the reaponse of the
instrument to a .82 uCi ™ Am point saurce is measured
at 0, 5,15, up w 105 cm. Point and arsa souros enstivi-
ties are calculsted according to the following equations:

Sp (cpm/uCi) = —“—‘-‘g’ﬂ n

Sa(cpm/pCi mi} =
where

3
1’}1‘;"" I (RXN) @

Sp paint soutce sensitivity

ares source sengitiviry

source strength in pCi

radiai Qistance of each response in cm

response at radial distancs R

ZROP
nERaAN

These data are also tabulsted and used 1o calculate 2 mesn
and standard deviztion for esch instrument. Data for sach
session are compured to the average and used 10 deter-
mane the need for corrective action.

TABLE ]
HIGH VOLTAGE SETTINGS

Switck Emeryy
Position Probe eV

HVI FIDLER 1%

HV2 FIDLER 60

HV3 P2 17

6

600108

Results ang Discussion

The data accumuiated over 3 period extending frum
22 April [970 through 30 June {371 have been summar-
zed ang are shown in Table |1, Mean and standard devia-
tion values are shown for point source sensiuvity (Sp).
area source sensitivity (S4), and check source response.
These rosulu indicate that over a long-tetm period. both
the FIDLER and PG-2 are reproducible 1o within ¢ 10 to
15% tange. This correspondence is achieved with 2 muni-
mum of preventive mainteaance or attempis to continual.
ly opumizs the settings of the instruments. In fact. a
comparison of indindual data with the averiges has
proven to be of value in detecting instrument deficiencies
such 1 maladiusted high-voitage settings, mcorrect win-
dow widths, and malifunctioning multiplist phototubes,

[n addition to in-house mainisnance of this equip-
ment, we provide sssistance to other Air Force and
Governmen! agencies on the operation of the Radiac Set.
One particuiar problem hes arisen in obtrining adequate
resporue of the FIDLER probe 1o 17 keV photons. Ad.
justment of the high voltage 10 sstisfactorily center the
17 keV petk ha been smcountersd. Through a careful
study of the corrmpondence of high voitage applied to
center 3 given photopesk in the window, we have deter-
mined that the 17 keV pesk position for the FIDLER and
the maximum cutput of the PRM-5 sn both approxi-
mately the same (1370 V). The difficulty has been co1-
rected through modificatiom w0 the power supply to
allow » maximum output of 1600 V. This wncreased volt-
age allows 2 more careful adjustment of the 17 keV peak
in the analyzer window,

An exhsustive program for training of response
personnel has also been instituted. This training consist
of in-house efforts to provide realistic situations and
periodic deployment of the squipment and petsonne! in
aid of actual and/or anticipated radiological harards. Our
in-house traning consists of mwsions conducted by 2 staff
of Haalth Physicsts to scquaint personnel with the theoty
of opsration, calibration sod sst-up, and fiekd use prob-

" lerm of major ngoificance 1o the mccsssful utilization of

the kit. Field sxercisss are aleo utilized to provide prac.
tical expurisnce under simuiatad plutonium distnbutions,
Tha effects of overburden, reyponss tirne, stc., are demon-
strated and couped with instruction in proper survey
techniques. in addition, perwonnsl have bess deployed
with the Radisc Sets 10 nid in the evaluxtion of existing
contamination areas. Thess teams have aiso aided in the
health physics mpport of Apolio thots. These deploy-
metts are considersd of gresr value in complementing
in-house taining and in providing continual reevaluation
of equipment and techniques. It thould be pointed out
that the Radiac Set has besn found 10 be a very fatily
depicyable tatrument.

QM 3and22 057
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TABLE L}

RESPONSE DATA
Unit | Unit 2 Unit 3 Unit 4

Fanctios X & X s X 2 X =
FIDLER HV-) {54) 2906 212 2613 140 1786 170 5 250
FIDLER HY-2 (5a) 3328 442 3251 Jag 3195 188 2837 sN
PG-2 HV-3 {5a) 148 iy 157 54 158 38 263 B8
FIDLER HV-1 (Sp) 5053 61 7010 858 5082 36 5545 746
FIDLER HV-2 {Sp) 4937 141 7447 709 5006 105 5851 19
PG-2 HY-3 (Sp) 506 8s 74 89 628 144 T3 191
FIDLER Check HV-1 284K 6.0K 23.6K 53K 234K ¢.2K 232K 50K
FIDLER Check HV-2 313K 82K 932K 67K 278K 55K 26.0K 3K
RG-2 Check HV-3 9.7K 09K 6.74K 25K 7.1K 2.5K 9.1K 40K

X = mean vaiue
o = pne standard devigtion

Summery

This program for periodic evaluation of the Radisc
Set coupied with 2 program of training for prrsonns! has
allowed this laboratory to achievs an operationally ready
statug. The testing progremn has provided s basia fot con-
tinually sssuring that our equiprnent i operating in a
reitable manper. In addition, oecessary modifications to
improve the reliability of the Radiac Set bawe been in-
corperated as a retuit of this testing. Thewe experiences
have allowsd us to gain confidencs I our ability to
promptly respond to the aeed for radiological mmsament
of any situstion involving (isconable materisls.

References
1. €. T. Schrudt aned J. ). Koch, “Fasesimn Serwy and X-Ray

3. C. L Lindekim and ). ). Xoch, “Opdmizstion Siudies for the
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0007 482 (1968) p. 30.

4, T. O, Hosgar and J. F. Timmey, “Tempscature Dependence of &
Pmoniwm X-Kiy Surwy [necrursni,” in Hasands Conrrol Re-
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UCRL-56007-69-1 |196%) p. 14,

5. L F. Tomey wd _T. Hotges, “Owrburden Altenuston
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p. 24,
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SEPARATION AND ANALYSIS OF PLUTONIUM IN 3OIL

G. L. bentiey, W. R. Daniais, G. W, Knebsloch,
F. 0. Lawvenas, and D. L. Hoflmen

ABSTRACT

analveis of plutenivm in Loy wenplee of ol hey

e
besn developed whish ghves plutosium yiekls of ot isast SU%. The 10t seemples

times with B HCI %0 rermw ion

Afme e warbing, 2 5-twrtierviuryi-

Yopdr ominews (DIHO) Js siud 16 resues the AuilY] 10 Pullll), wirieh it en
back-axtrasus imo §id HCL. The plvionium mey then be dewrmined by sny

Inweduction

In connection with the respoasibility of the LASL
Radicchemistry Group for the analysis of the under-
round debris resulting from the testing of nuclear devices
at the Nevada Test Site, procedurm for the quantitative
analysis of plutonium in soil willizing exiraction into
di-2-ethylhexyl orthophotphoric acd (HDEHF) have boen
developed. Procedures involving coprecigitation with
LaF; ate not suitable when large volurmet of solutions of
high ionic steength are to be analyzed. The presanm work
describes Lthe adaptation of our standazd procedures for
the dissolution of dirt and the sxtractioe of plutonium to
the separation of iow-lewe] plutoaium from surface soils.

Experiroental Mathod

When plutonium iz 16 be determined in soils con-
taining no detectable activity with which to follow the

goo0itl

yield of various steps iz the dismolution procedure, quanti-
tative recovety of plutonium is insured by completely
disolving the ol sample by fuming with HF, HNO, and
HCI0, . followed by treatment with NaOH znd then HCL
The plutonism, in either the (IV) or (V1)-oxidation state,
can then be extiscted inte HDEHP in n-heptane from
HNO, or HCI solutions of a wide range of cancentrations.
We have found 6 HC! solutions 10 be convenient since
the extraction coefficients for won and many other con.
taminants sthow minima st this molarity. However. since
the extraction coefficlent for Pa{fY) in 6M HC) is abour
an order of magnitude higher' than for Pu(V1), NaNO; 1s
sdded to insure that the plutonfum is in the (IV} state.
{This alsc peovides for exchange if plutonium teacer has
been sdded.}

The piutonium it recoverad® from the extractans by
addition of 2 S-ditertiarybutylhydroquinone (DBHQ)
which reduces the plutomum to the (II1) state and sttong-
ly compiexes it. The Pu(l1) may then be readiiv removed
from the orgamc phase by extraction with dilute HCL At
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this poini, the bulk of the sail components have been
removed since monovalent ind divalent spscies. such s
sodium and calaium, and most trivalent species will not
have been extracted into HDEHP under these canditions,
Funher, most of the higher oxidation state spacies (#.§.,
zirconiumy, which have been extracted will no1 be back-
exczacted. Large amounts of 1ron, whick interfere with
the subsequent piutonium analysis, can be eliminatad by
performing the iniual extraction from &M HC! and by
washing with 5M HCl as required.

The final solution containing the back<xtrscted
plutonium can not be concentrated and anaiyzed by any
standard method.? Since the initinl soll dissolution is
guantitative sed yields of 90% can be achisved through
the extracton, ithe sengitivity of the method is Lmited
only by the amounts of soil disolved, the voiumes of
solution one withey 10 handie a1 one time, snd the
o=counting sysiem to be used. The procedure hay been
applied to samples containing as little as a disintegration
per minute of plutonium sctivity.

Experimenial Procedure

Dimolution of Soil Semples. An » 50 g sample of
the pulverized soil is piaced in 1 Teflon beaker and 50 mi
of fuming HNO, is added. The mixture it slurried by
stirring with a stunless steel stirring rod until all of the
dry powder is thoroughly wet. 100 ml of concentrated
HCI0, is sdded to the slurry, and this is followsd by the
gradusi sddition of 100 ml of concentrated HF. The sddi
ton of HF is accompanied by the relesse of wluminous
quantities of gas. The mixture must be cooled in a water
bath and the HF added in smali portions o prevent the
sclution from overflowing the begker. The offervescence
subsides apprecaably after = 75% of the HF has been
added.

After sddition of the HF, the Teflon besaker is
heated on a hot plate (medium setting), to heavy fume of
HCIO, . The beaket is cooled 1n & water bath, and 50 mi
of HF is added. {If the beaker i ot sufficientiy cooled,
the HF will spmtter rther violently when it is sdded. ) This
HF fuming step is performed three more times, sdding
HCIO, if necessary to prevent the mixture from becoming
compietely dry. During the fourth fuming the contants of
the beaker are taken almost 1o drynes. The besker iz
cooled and 100 ml of 4M HC! is sdded. The mixture is
boiled. The contemts of the beskst are iramsferred 1o
40-ml short-taper Vycor centrifuge Tubes and centrifuged.
The supemate is poursd imio a sscond Teflon beaker and
S0ml of concentrated HF and SO mi of concentrated
HCIO, are added. The beaker is then heeted on & hot
plats (medium witing). The original beaicer is rinsed with
hot 4M HCL, and thw waah is tranaferred 10 the centrifuge
tubes containing rexidus. The contenu of the tuber are
stirred and centrifuged, and 1he supernates wre added to
the second beaker. Each tube contmining residus is botled
over & burner with =2 ml of &M NaOH. Sufficisnt

60
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4M HC! is added to aadify the mixture. The solut.
agsin boiled and centrifuged while sull hot. The supe  ..¢

in each case is sdded to the second Teflon beaker. The
mmmnt with NgOH and HC! is cepeated, and the super.
nates are again sdded to the second beaker. The residues
in the tube are wgnaferrad 1o the onginal beaker with MCl
and treated with four HF-HCIO, fumings.

The contents of the swcond beaker ar¢ heated 10
heavy fumes of HCIO, and cooled. Fifty mi of HF
added to the solution which ix then fumed almost two
drynes and again cooled. Then = (00 mi of 6M HC! is
sdded. The mixtyre is warmed, transferred to Vycor cen-
trifuge tubes and centrifuged. The supernates are poured
into & poliysthylene bottle. Any remaining residue iy re-
posiadly bolled with &M HCI, centrifuged and the super-
nate is added to the polysthylens bottie. The HCl dissolu-
Hop trestmeni is continued until no visible reduction n
the amount of residus is obsarved.

The contemts of the original besker are fumed al-
most to dryness, and = 100 ml of 4M HCI is added. The
mixtuze it boiled and wramferred to the centrifuge tubes
containing the insoiubie residus from the second beaker.
The contents of the twbas are stirred and centrifuged.
Again, the supwnates ace poursd into the second beaker
snd fumed twice with HF-HCIO,. Any precipitate in the
tubes is trested with NaOH-HC! as described previously
the mixtare centrifuged. The supernates ace added to
socond beaker. Than, if any residue remains 1n the
trifuge tubes, HF-HCIO, fumings are repeated until
NeOH-HC! tresimeat gives complete soiution. The result-
ing molutioas are sidded 1o the second beaket. The solution
in the second besker is trested with 50 mi each of concen-
trated HF and HCIO,, take to heavy fumes of HCIC,,
and cooled. Then 50 ml of concentrated HF is added and
the solution is fumed almosi to dryness. The residue 15
dissoived in 6M HC! and the solution is added o the
polysthylane bottls.

The final solution tends to sait out on standiag for
wveral days. Howwver, twating of the solution just 0
bolling causes the precipitated alts to redissolve.

Miwtonlam Extraction. A suitable plutonium tracer.
usually %Py, j» sdded to the sample wlution for yield
detaeconination. Sufficient 10M NeNO, is added to make
the solution 0.2} in this resgant. The resutting solution is
heated just to boiling sad covled to room temperature. A
volume of 1} HDEHP in p-hepune equivalent to one-
third that of the samphe is pre-squitibrated with 6) HC)
sod added 1o the sampie in x seperstory fuanel. The
mixture is m for | min, wnd the orpmc {upper) and

with of 6 HC! and the washes discarded,
The nhmon is shaken for = [0 sec with pne.
third its volume of 0.2 DBHQ in 2-ethyl-(-hexanol. The
pltoaium in the mu.ltim mixture is back-extracted by

shaking for 2mwuhomh.|1fvolum of 6M HCl. The
phaset are allowed 1o seperate for 5 min and the organc
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layer is discarded. The aqueous solution is reduced in
volume to § mi or less by boiling and water is added to
make the sojution 3M in HCL, with the finai volume being
no more than 10 ml.

The final piutonium separation and determination
are carried out by z standard LaF, copteapitation fol-
lowed By an anion exchinge resin column techmgue?
wnvolving elunon of the piutonium from the resin by
reduetion of Pu(IV} to the (III) state with an HI-HQL
mixture.

Discussion

Sampler of surface s0il were collectsd from flve
locstions at the Nevada Test Site, The samphes ware taken
from areas which wers beliewed to contain little or no
plutonium. About 500 g of dirt {svoiding rocks > 2 cm in
diam) was obtained from the surface at esch sampling
point.-No activity could be detected in gy of the sampies
with an alphs-survey meter.

Two = 50 g portions of each dirt sample were dis-
solved, giving final concentrstions corrmponding to
= 100 mg of soil per mi of solution. The plutonium was
extracted by the described HDEHP procedure. No diuffi-
culties were encountered, and, in fact, the high din con-
centration seems 1o ad the phase wparstion during the
initial extraction. A SO-ml aliquot of scluton from each
sample was analyzed without sdding plutonium tracer o
that any isotopes of plutonium pressnt in the sample
could be determined, and the approprists choice of tracer
made.

0007113

Bacause of the tme (2= 20 h} that s required v
dissoive the samples using this procedure. 1t would not b
pracucel to use il to determine plutomum in a large
number of samples. The procedure would. however, be
useful 10 check a faster leach-type of procedure for com-
pleteness of plutonium tecovery. This is especially true tf
samples wath very low amounts of piutonium were heing
determned.

Qur procedute could be shortened constderably if
the smail amount of sand-like residue remaning after one
complete cyzle could be discarded. In the application of
this procedure to debris from nuclent devices, the large
amount of pamma activity provides a measurement of the
completensst of dimclution: inactive residues may be dus-
carded. Possible future work might invoive the use of
tracers to determine the advisabidity of discarding such
residues.

Reforsnon
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COMPARBON OF A LEACHING METHOD AND A FUSION METHOD
FOR THE DETERMINATION OF PLUTONIUM-238 1N SOIL

by

C. T. Bishop, W. £. Shashan_R. K. Gillette, and B. Robimon
Monmaw Rewmarch Corparstion
Mound Labaeetery
Miamishurg, Ohio

ABSTRACT

Soth 5 lesshing and s fuson proosdure, foliowad by slphs pulss-height
analyis, wers wand W dewrmine ve plutenium sswsent of four wil sempler,

wil sempine analyasd wers found w0 b Q.04 0.8, 1.8, and 20 die/min of
eyl ot mil. Lesshing snet fusion resuits were summalelly in agresment. As a
further cheak, vight saaividl residium fram one of the tour wil wmeles were
wimolved by Ve fosen mothad and snalyzed: resslts indioated thet grestw
than 90% of the Py was remeved from the 50il Iy sold ieavhing.

Compariean of the previvien of the fusion preasiiure with the precihsion
of the ressim of the Jour soll empian snelyzed by the fusion method indiostes
» nonuniorm dlewriiartion of plusenium m the soil. This is prohably dus @ the
particuists neturs of the plutonium somamsnamts in the wil.

Introduction

Early in (970, Mound Laborstory inftisted & pro-
gram 10 develop an improved, relstively smple and reii-
able analytical procedurs for the reutine detsrmination of
plutoniut in sofl. Prior to July 1970, all il mmple

analyses had been performed by the Environmental Con-

trol Anslytical Group using an acid<esch method of dis-
solving the plutonium from the R, By July 1970, s
serious debate wap well under way in the sclentific com-
munity concerning the effectivensm of the leach method
2t compated to & tou] dimschuton of the soil accom-
plished by conventional fusion methods.

To evaluate these two methods of phitocnium
dissalution from soil 2nd achisve our own ssutance that
methods being umd at Mound Lsbonatory for rowtine
plutonium soil analyms were telinbie, the Anaiytical Sec-
tion of the Nuclesr Operations Department performed
antlyses on a select number of s0il mmples by a fusion

0BGTIIS

procedure, The four wofl samples used in this study
covered 3 wide range of concsntration, ie.. from
0.04 dis/min/g 10 20 disimin/g of **Pu. It i significant
that them four soil lamples were amlyzed by two essen.
tislly independent analytical laboratories. The personnel.
counting systems, and standsrds employed in the fusion
determination were all different from thow employed in
the [saching method. The purpoee of this report 1s to
present the resuita of the analyses of thase four sampies.
and to show tw indicsied agreemant betwsen leaching
and fusion methods in the detsrmination of **Pu in wil.

The composite soil sarple’ i dried in sainless seed
pens on 2 hot plate. The core mmples are piaced in the
pans in such 4 manner that the vegetation on the surfice
of the individual cores can be charred by 2 propane torch.
After the vegetation i charred and the soil aggregates are
broken up, the sample is mixed well for compiete drying.
The samplet are ground with s mortar and pestle. The
larger rocks. thoss not passing through a 20-mesh screen,
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are removed from the ssmpie. The remaining sample is
ground und screened through a 35-mesh screen, placed
into a one-gal plastic container, and weighed. Fifiy.g
aliquots are weighed and analyzed by one of the two acid
ieach methods. Teng aliquots are used in the fusion
analyses.

Acid Leach Method

The flow diagram in Figure | summarizes the twoe
acid leach procedures that have besn umd at Mound
Laboratery. On the left side is the original procadure by
which the leach reswits repariad bere ware obtained. The
procedure cumrently i us (referred to as the cument
method) 1s shown on the right ade of Figure 1.

In the original method, the ™Pu tracer is added 10
the soil and the sample is placed in & muflle fumace at
500°C for 30 min to convert the ™Pu tracer to an oxide.
This sampie is then leached by vigorous shaking for
spproximaiely L h with 100 ml of concentrated nitric
acid and 1 mi of concenmrated hydrofluonic acid at room
temperature. After standing owmight, the solution is
wparated from the soil and sdifusted 10 4N in nitric acid.
The plutonium is extracted into 3 10% triscoctylamine
{TICA )}-xylene solution sccording to the method reported
by F. E. Butler.? The plutonmum is back-extracted from
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the TIQA-xylene solution wath dilute nitric 3cid contam-
ing sulfur dioxide. This solution is adjusted to 10N n
hydrochioric acid, passed through a chicride anion es-
change column, and cluted wath 6N hydrachioric acid
containing 0.024% hydrogen iodide according o the
method reported by L. C. Henley.’ The eluted solution 1s
mken to drynest 10 nitric acid, and an ammonium sulfate
ekecuolytic plating bath is prepared according to the
method reported by . A. Dupzyk.*

The curremt jeach procedure closely foilows the
method reported by N. Y. Chu.! In this method 100 mi
of & 3-to-i, by volums, mixture of concentrated nitric (o
concentrated hydrochkoric acid is used to ieach the piuto-
niumn from the soil. Here the mixture is heated while
stiriag for 1 h st near boiling temperature. The leach
solution i removed and & second leach is carned our in
the satme way. Both lsach solutions and a water rinse of
the so0il residue are combimed for further analysis. This
swlution @& svaporated to near dryness 1o remove the
hydrochloric achd and sdfusted to 7.5N in nitric acid.
Sodium nitrits is then added 1o the solution to ensure a
+4 oxidation state for the plutonium defore it is passed
through 1 nitrats anion exchange columa.? The column is
rinsed with comcentiated hydrochloric acid as the first
mespsre to separats the pmtural therium from the sample.
The plutonium is then sluted with 6N hydrochlonc acid.
containing 0.02¢% hydrogen iodide. The eluted soiunion
from the nitrate column. is sdjusted to [ON in hydro-
chioric acid, pamed throkgh » chloride anion exchange
column as & foal dacomtamination siep for natural
thorium, and fmally ehuted and electropiated as in the
orighal method, The compiste deconumination of
astural ¥ Th is sssential for 2 *™Py determination due to
the closeness of the minor P*Pu aipha eneegy (546 MeV)
and the maximum ¥*Th slphs enorgy (5.42 MeV).

in summary, the in the leach procedurs
were replacement of the mitric acid leach with the method
reported by Chu, and subatitution of the nitrate anice
exchange columa for the TIOA liquid extraction step.
The improvement guined by the current leach procedure
i thet metsls such as iron and lesd that interfere with
slsctrodeposition se more completely separated by the
nitrate anion exchangs ¢olumn. This resuits in berrer
racowries of plutonium, §nd reduces slide deposits during
electrodepogition 1o produce a much better alpha source
for more effective pulm height anaiysis. Tracer recoveries
uting the original procediire wure quite low and erratic,
46 £ 27%, while the recdvaries wing the modified pro-
cedure mve been generally much higher, namely
82 ¢ 19%.

Fusion Mathod

The fusion nwthod used in this study is exsantially
identical to the method developed by C. W. Sill, et al*”®
A summary of the procedure is given in Figute 2. This
procedure involves fusing the soil with anhydrous
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Anhydrous Removal of Second J
‘KF Fusion 853 & HF with Fusion
with *?*Pu Tracer Hqe 50, (Pyrosulfaze)
Dissolution Coprecipleation Dissolution {
Extraction into of -Pu~238 of
Aliquac-336 with BasSO, Malt

Y
Pu-238 Zisctro- Alpha
Back daposition Pulse Helght
Extraction (Oxalate-Chloride) Analysis

fy. 2

poussium flucride followsd by : pyromlfats fuson to
completely decompom the w0il. The soldified malt is
dissoived with s potastium metsbisulfate solution and the
plutonfum is separated from the solition by coprecipita-
don with barum sulfate. The barium sulfate is dimolved
in an sluminum nitrate solution and the plutonium i
extracied into Aliqust 336 (General Mills, inc..
Minneapelis, Minnesows) nitrats in xylens. Interfering
metals az¢ remowed by back extraction befors the pluto-
nium is back extracted with an oxalic perchioric acid
sripping solution. After svaporstion to drynss and dis-
whitior of the residue in 3 mixed oxslate-chioride elec-
trotyte, the plutonium s @ tsd by the
procedure developed by K. W Puphal and D. K. Ober*
The phitonium s finally determined by slphs pulse height
analysis utilizing 2 4096 multichsnne]l smalyzer and
300 mm? surface bazrier detector.

The ™Pu wacer in the fusion procadure indicated
lets than BO% recowery of plutonium. Tracer studies indi-
cated grester than 95% recovery from the imitial fusion of
the soil, through the coprecipitation, the solvent extrac-
tion, and the prsparation for electrodeposition. Electro-
deposition efficienciss, howwwsy, ware frequently much
bess thant 95%. For this reason Py tracer wag used in 11l
analyses of soil by the fusion procedure.

To evaluate the accuracy and precision of the fusion
procedure two Haaderd plutonium sod ;amples were an-
alyzed. One mmple was propared st Mound Laboraiory
by spiking 3 s0il sampis with a standard solution of Py,
and the other was & 30il mmple spiked with **Pu ob-
tined from C. W. Sill. The results of the fusion analyses
are given in Tables [ and I1. In both smmples, the experi-
mantal wverage afreed to within s few percent of the
standard value. The rehrive standmd devistion of the

TABLE |

ANALYSIS OF A *™Wy “STANDARD"
SOIL SAMPLE BY THE FUSION METHOD

Waight of %y in Semple Bipy in Sample 1Py Tracer
Sample Sampie {Standard Value) (Found) Recovered
Number &) {dia/mie/g) (dis/min/g) %)
Al 1 364 360t |6t 38
A-2 1 364 34917 45
A-3 I 36.4 41.2£33 159
A4 i 364 352t1.6 18.6
A5 1 364 Js4t1 4 15
A6 1 64 38014 b5
$-51 20 L I53+2.3 78
Average 6612.3% 50+ 24

“Standard devistion brsad on counting sratitics.

l’E xpenimentsl standard deviation based on the seven individus! delarminaions.

000t
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TABLE Il

ANALYSES OF A Py SPIKED
SOIL SAMPLE® BY THE FUSION METHOD

Weight of NPy in Sampie
Sample Sample {Standard Value)
Number i) (dis/min/g)
t 1 3542
2 1 3542

Average

1%y in Sampie PPy Tracer
{Found) Recovered
idis/min/g) %)
334821 57" 51
352649 57
34.37

33 tamdard soil sampis supplisd (o Mound Laborstofy by C. W. Sifl, Health Serices Laporstery, U, 5. atomic Energy

Commssmon, Idahoe. Falis. ldshe.

Pstandard devition tasad on cOUnting stanstics.

wven Py standard sampies was 6.3%. As will be geen
later this variation is Yow compared to the standard deviy-
ton observed with actual soil samples.

Control Analyses

Blank determinations were made periodically to
examine the possibility of contamination from the res-
gents of gassware. [n some casey, 2 PPu tracer wat added
10 deterrnine the percent recoviry when a blank value was
determined. With both the leaching and the fusion tech-
niques, the low blank was about 0.01 dis/min of ™Pu.
High blank values of 0.09 dis/min *Pu and 0.20 dis/min
iMp\, were observed for leaching and fusion, respectively.
The average of 12 leaching blanke was 0.036 dis/min
31%p,. while the average fugion biank vglue was
0.070 dis/min ™Pu for 13 determinations. For most of
the samples described in this report, the blank value is
insignificant. For the analysic of soil sampies having disin-
tegration rates of the order of 0.01 dis/min/g or less. more
stringert conditions would have to by cbstrved in order
10 lower the blank values that ar¢ presently being cb-
served.

Resuits and Discumion

The soil sample supplied to Mound Laboratory by
C. W. Sili was aso analyzed by the leaching method
followed by analysis of the leached soll resdue by the
fusion method. Results of the analysy of two 1 samples
of this soil are given in Table III. [t is clear that the
teaching failed to remove sll of the plutonium from the
soil. The percentages of @Pu recoversd from the spiked
sampies by leaching were 17 and 24%. raspectively, while
81 and 7B% of the activity was recovered by fusion of the
soi]l residue. The total recovered from the two

66
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sampies, 34.6 and 36.]1 da/min/g, compares favorably
with the spiked valus of 354 dis/min/g. These data s¢em
to indicawe that the lenching method used here is inade-
uate for plutonium soil analysis. The preparation of the
4piked ample, howswer, involved besting the soil
for a total of 4 h st 1000°C after the plutonium had been
sdded. Thus it is possible that the plutonium reacted with
the 10il meking leaching ineffective.

The data for the first of the four soil samples used
in the intercomparison study are shown in Tabie [V. The
plulonjum concentrations obtained by both methods
compare quite favorably. The “™Pu tracer recovery was
shightly highet {or the furion method.

Table V lists the dats for the second soil sample
used in the intercomparison. Here again the same general
observations concerning the ™Pu tracer recoveries can be
made. The isach method gave slightly higher *Pu con-
centrations, but the standard devistions of the two sets of
dsta overlap. The msuits of the third socil sample ars
shown in Table V1. Once aguin the sarne general observa-
tions can be made. Hers the 2Pu tracer recoveries by the
fusion method werv significantly higher with a3 much
lower sandard deviation than obtained in the leach an-
alysis; howevet, the average for the plutonium concentra-
tions show good agresment. This set of data, as well as the
dats obmined on the previous two soil. samples clearly
thow the need for the use of ™Py tracer in these analy-
ses.

Table VII shows the data on the fourth soii sample.
Here the average ™Pu concentrations do not show as
good agreement as the previous mmples although from
the sprand in the individual determinations, especially
with the fusion results, it cannot be concluded that the
results disagree. It should be noted in Tadble VII tha
aliquots of 50, 20, and 10 ¢ were analyzed and that as the
aliquot size decreased the standard deviation increased.
The overall average value for the 1] leached sampies was
13.9 ¢+ 4.7 dis/min/g. The average value for 50 aliquots
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TABLE I
ANALYSIS OF A Py SMIKED SOIL SAMPLE"

BY LEACHING AND FUSION
Aliquot %y Remnoved "My Found Toua
Sampie Analyzed by Leaching in Lench Resldue Raceversd
Number {8) (die/min/g) {die/min/g) {dis/min/g )
1 1 59 87 a6
(17%) (81%)
2 1 g6 7.5 36.1
{24%) {73%)

'Sﬂkui soil sample {35 4 dis/min/g) supplied 10 Mound Laboratory by C. W, SUi, Health Sarvice Laborstery,
Idahe Falls, idabo.

TABLE IV
py DISINTEGRATION RATES IN SOEL SAMPLE NO. |
BY LEACRING AND FUSION
% by Lasching (30-g sliquot) 1py by Fusion (104 aliguot)
{dls/min/g) (% %y racovery) (dis/min/g) (% PP recovery)
0.040 16 0.051 58
0.027" 62 0.034 n
0.039 S8 0.037 56
0.028" 43 0.036 a2
0.038" 46
0.031* n
0.050 94
0.045 12
Ave. 0.03¢ 0 0.040 57
Sud.  t0.007 €27 £ 0.008 £ 12

Dev.

$Rassd ofi the analysms of an sliquot of & Wach solution from s 1000-g sampis.
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BY LEACHING AND FUSION
D%y by Lasching (50-4 siquot) 3Mpy by Fusior ( 10-g aliquot)
(dis/min/g) {% Py recovery} (dis/min/g) (% 349y recovery)
0.104 4z 0.203 54
0.25%5 25 0164 58
0.219 11 0.144 Ti
0.194 17 0.186 70
0.266 30
¢.148 1}l
Ave. 0.198 49 0.174 63
Sd.
Dev, +0.063 * 38 £0.026 : 9
TABLE V1
Bipy DISINTEGRATION RATES IN SOLL SAMPLE NO. 3
BY LEACHING AND FUSION
1%py by Leaching {30-g sliquot) %P by Fusion ({0-5 aliquot)
{dis/min/g) {% 2Py recovery) (din/min/g ) (% D%y recovery )
[.66 22 1.78 81
1.81 i3 .06 82
1.46 23 ) 81
197 100 1.34 73
1.30 63 1.38 77
1.58 89
Ave, 1_6_3 52 1.59 9
Sid.
Dev. 024 t 38 0.3 t 4

TABLE v

py DISINTEGRATION RATES IN SOIL SAMPLE NO. 2
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TABLE vl

Bapy DISINTEGRATION RATES IN SOIL SAMPLE NO. 4

BY LEACHING AMD FUSION
ey by Lesching %y by Fusion
(% ¥y (% My
{dis/min/g)  (skiquot. g) recovery) {dis/min/g) (aliquot, g) recovery )
16.41 50 48 11.49 10 86
1590 L] 25 16.58 [0 84
14.56 s0 40 11.28 €] B?
10.05 20 41 i1.67 H1J B3
11.05 0 24 68.2 10 89
24.31 20 40 25.35 10 75
9.52 20 31 985 10 76
14,09 0 k1) 564 10 63
992 20 51
8.97 20 41
18.09 20 49
Ave. 1390 39 260 82
Std,
Dev. £4.7 t 9 =222 10
was 15.62 £ 0.96 dis/minfg, for 20-g aliquots  larger fusion welue could well have been caused by the

13.3 £ 5.4 dis/min/g. and for
26.0 £ 22.2 dis/min/g.

A summary of the 3%y disintegration ratss for the
four seil samples anaiyzed is given in Table VII1. There is
good agreement batween the avernge Py disintegration
rates for the first threa sampler indicaring good agreement
between fusion and leaching. Even with mmple number 4
where the averages are 16.0 and 13.9 dis/min/g, consider-
ing the large standard deviation ss stated previowsly, it
cannot be conciuded that the resatts do not agree. The

1G-g aliquots

fact that two of the iamples taken for fusion anaiysis
coniained a relstively individusl particte of plute:
nium dioxits. A sngls 4 particie 1.35 um in diam
would sdd about 500 dis/min to 2 sci] mmple. This would
incresse the concentration of activity in o 104 sample by
50 die/min/g, whils the effect on 2 50 sample would be
only 10 dis/min/g. Thus, it it possible that the two sam-
ples giving 2 high PPu concentzation contained a rela-
Gvely large plutonium dloxide particle while the other
sample did not. [t should be noted that the average fusion

TABLE vllI
SUMMARY *Pu DISINTEGRATION RATES
BY LEACHING AND FUSION
Lanching Procedure Fusion Procedure
Rel. Ral.

Sample Dipy  Std. Dev. No. of py Std. Dev. No. of
Number {dis/min/g) (%) Samples {dis/min/g) (%) Sampies
! 0.03% 18 g 0.040 20 4
2 D.198 34 6 0.i74 15 4
3 163 5 4 159 19 5
4 t3o 34 11 260 gs B

0001121
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value is 14 .4 dis/min/g when these two high valuzs are nat
used in calculating the average. This average compares
quite favorsbiy with the ieaching value of 13.9 dis/min/g.

This particle size problem is more severe when an-
ayzing for ™Pu as compared to ™Pu because of the
connderable difference in specific activity between these
two isotopes. Plutonium-238 has a specific activity of
3.81 x 107 diy/minfug compared to
1.36 x 10F disfmin/ug for ¥Pu. It should also be noted
that in afl of the fumon remiu the relative standard
geviation is preater than the standard dewiation that was
obtained when the spiked sol sample was anlpyzed
{6.3%). This indicates a sumpling error which could also
be expizined by the existence of small **Pu particies in
the soil.

As a further study on » possible difference between
the leaching and fusion procedures in determining ™*Pu in
soil, residuss from eight 204 wampies of 30il umple
number 4, analyzad by the iraching procedure, were an-
alyzed by the fusion procedure. The results are given in
Table 1X. With this soil sample, it is seen that on the
average approximately 93% of the ™Pu i lesched from
the soil. Alo the fact that these eight anslyses showed an
avenage tracer recovery of 39%, not inciuding the lesching
operations, sugpests that the major losses in the original
lesch procedure were not in the Jeach step but, rathes. in
the chemistry that follows.

In conciusion it appears that the ieaching and fusion
meihads in the present study for the determinavion of

in soil agree. However, addirionsl daw will be .

accumulated in order to evaluate this assumption. Future
plans inciude the analyss of addinional teached sodl sum-
ples by the fusion procedute to determine whether ur nut
leachung has failed to remove significant amounts ot
plutonium from the original soil sample.
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COMMONALITY IN WATER, SOIL, AR, VREGATATION, AND BOLOGICAL
SAMPLE ANALYSIE FOR PLUTONIUM

by

Robert A. Wemman, W, J, Major, Kim D. Lae, snd L. Loverhal
TRAPELOAMEST
Division of LFE Corporavion
Richewont, Californis

ABSTRACT

Plutonium analyss hive besn performed s Trapele/West for over twenty
yoars. In rosent Yemes, proasiursl shanges have boon made 10 oltain sommon-
slity s mothat for anaiyting Py in Nfersnt mariess. Prossdures used for Pu
environsantsl sinpite sieh M W, mi, air, vgewtion, and hislogienl and
marine sompies ars dlosusel. 1ndtind roups invelve winl dimolution, leashing or
mthing, and squilibrotion with waser Py, Trassr i wed in aif conee sinoe it
remiis in the moet reliohis dots. An anien sxahangs prastdhure it the Basic part
of the purifigstien. An sitisiant slesiradepesition Nep permits plating in ton
minume. Rpdinetivity ropmnrernents sre made using sithey Frissh Grid lonizs-
ton Chasmlitrs of surfess-harvier drmetors.

Spmiftia poubiors Nioly w0 e erpounwersd In plutonium snslyss ary
diwcussed. Proliieme snosumared in messuring snd reating srror Nemits ot very

low levels 30 et they may be used practically are discussed.,

introduction

Plutonium radiochemical analyss have been per-
formed at Trapelo/West for ower twenty years. Major
changes are due (0 increamd kmowledga of the tracer
chemistry of plutonfum sz well a3 the availability of
efficient sepuration chemicsls and reageas and improve-
ments in nuclear meamremens. Improvemsnts have
usually been padual and metamorphic rather than sensa-
tional. The net effect has sill boen dramatic. At one time
our laborsiory had its own calideared redicchemists. Use
of tracer and low- level, high-resolution slpha spectrom-
etry have permitted the grestast improwernants. The
present stats of the art permits practical messurements to
2 counting error of £ 5% at levels as fow a1 [% dpm fora
1000-min count. Thet can be reduced to % dpm if three-
days detector time per sample is svailable, etc.

Analytical System

Trapeio feels that the entire analytical system used
must be considersd a1 2 whole. This is even more impor-
tant in radiochemistry than in routine anaiytical chem-
istry. Cheemsiry procedures, though most often stressed,
are only & portion of the total.

Iz a small aboratory, the system might consist of
only ons worksr and related squipment and procedures.
At another fscility, sich & Trapels, the responuibilities
might be spread out according to the expertise of ¢ach
person,

The Trapelo Laborastory Sysem for Thatomium.
What is considered, at Trapelo, to be the key to the
analyns of the actinides, purticularly plutonwum, is listed
{Fig. |) and outlined in further detail below.
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FIGURE 1

KEY REQUIREMENTS FOR
PLUTONIUM ANALYSIS

Personnal

Low Levet Lab and Equipment
Salubilization (or Leach} of Pu
Accuratety Standardized 2Py Tracer
Equilibration

. Decontamination and Purification
Alpha Spectrometer Syrtem
Standard Data Calculation

Quality Control

DONAPEWN

1. PERSONNEL
a. Experienced in use of procedures
b. Felxibility in doing different analyses

2. LOW LEVEL LABORATORY AND EQUIPMENT
8. Low Level control
5. Good housekeeping

3, SAMPLE SOLUBILIZATION (OR LEACH)
3. Specific procedures for different matzices

4, ACCURATELY STANDARDIZED PLUTONIUM-236
TRACER
a. Against an sbsolute basis
b. Precision of = 1 5%
¢. Py impurity < 0.5 alpha %
d. ¥*Pu impurity < 0.09 alpha %
e. Impunty content known for correction putposes

5. EQUILIBRATION

a. Exchange with tracer during solubilization or subse-
quently

6. DECONTAMINATION AND PURIFICATION
a. The minimum chemisiry 10 oblsin weightles elec.
trodeposit
b. Chemisiry tested 1o remove other actinides
¢. Obtun radiochemical yields of 40 to 90%

7. ALPHA SPECTROMETER SYSTEM
a. Frisch Grid or surface barriet
b. Resolution 20 to 40 ke
c. Efficiency 30 to 48%
d. No iting of peaks at bastiine

8. STANDARD DATA CALCULATION
a. Conzstent interpretation of spactsa
b. Realistic assessment of precision

74
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9. QUALITY CONTROL AND EVALUATION
a. Routine blanks and standards
b. Alphs spectrometer checks on background etti-
CIENCY , #1C.

Basic Procedures

The basic procedures used at Trapelo/West for low:
level plutonium are, 1n mar. spects, sumilar to those used
al many other wboratorre.. The analyst has a wealth of
proven analysis sequences to chose from in assembhing a
set for routine use in his own laboratory. Figure 2 is 2
schematic showing how different sample matnices fit in1o

the processing.

Sampie Prepanstion. The preparation of samples for
anatyss at Trapeio follows generally sccepted practice
using drying, ashing, ginding, etc. At Trapelo. the speci-
mens may be received at the analyus laboratory in vanous
states of preparation, ranging from a raw sample to an
ashed residue.

Solubdiization. Soiubilization of the sampie
ia 3 criticl part of plutonium analyses using tracer. ln-
desd. much time i spent in achieving this. Within a
sample category, maverick samples are always found
which will not compistely dimoive by routine treatment.
The cadiochemist traats these individually to dissolve
residusls. Usually HNO, -HCL.HCIO, -HF or fusion is used.

In the speciai case of soil leaching, the procedure of
Nortor Chu of HASL' is used and of course complete
solution of the soil is not expected,
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Chemical Procedwrss. We wish to sttain & unified
procedure for envitonmentabtype samples. After the
sanples have been solubilized, it is powsible to use the
ume purification staps for the remuinder of the analy s,
The stepe used are not severely influenced dy the original
sampie matrice or the amount of sampls. This cotwnonal-
ity of methods minimizes having 10 cope with many
different procedumss. Also, les special squipment snd
special work asess are required, different mempie types can
be processed mimultaneously, ind lam training snd bresk
in of Iaborstory personned is required.

The salient features of the chamical procsdurs umd
at Trapeio are outlined iIn Fig. 3. The unifyiny seps ate
anion sxchange, svspotations, snd bolling. The antion ex-
change procedure is very similar 10 that used in the wil
leach procedurs of Chu, who credits Iltachnm to one
suggested by the work of Kreesity and Waistbury !

The ability to um ion exchange and exclude precipi-
tations, expecially bulky alkaline precipitations with phos-
phates, #12., is very desirsble.

Faatuses of the exchange method are that the solu-
biized surmpis, in 2 volume of 200 to 1 500 mi of spprox-
imately 6§ N HNO,, is processsd by two mquental anion
exchange colurmns (Dowex 1-X4) to achieve & woiution
from which plutomum can be elsctrodeposited for alphe
SPECLIOKOPY.

The first column & largest, its sze depends some-
what upon the volume of dimoived sampile. Laschate from
100 g of »0il requires 2 column 2 Scm diam by 6cm. if2
1000-g sampie is leached, the column length is increasd
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to 12 em. The actinides Th(IV), Pa(V}, U(IV), Np{I¥),
and Pu(V) are absorbed by the resin while trivalent Ac,
Am, and Cm pasys through. The retained actinides can be
eluted with 4N HNO, 0.IN HF (Chu reports use of 04N
and 0.01N respectively.)

The mcond, gnaller-ized wnion column (1<m diamn
by 2.5¢m) is weed for final clean up of the solution.
Again the sampls, in 6N HNO,, is loaded onto the
colurn. The resin is then converted, successively, with
&N HCl and concentrated HCI to the chjoride form. Any
Th would slute in the HC) fractions. An elutrient? of HC!
containing NH, ! is uaed to reduce and elute Pullll). This
provides piutonium free of amy aiphs emitting actinides
such 83 Th, Pa, U, or Np. If thers i 2 very large amount of
Fe{Tll) or other oxidant, the fimt column purification
should be repeated prioe (o the HNO, -HC! column.

Electredeposition. After evaporation and wet-ash
destruction of tate organics, the putonium is electro-
dnponud upon & stabrdew sted disc (220-mm diam,
250-mam? plaed sren). Platinum discs are used for highest
sccurscy. The smmonjum chjoride method described by
Mitchell* 4 wed. This plating method has been in use at
Trapeio for many yesrs snd is recoremended as a celisble
procedure which is essentially quantitative with only 2
10-min pisting tims.

Viry clean, almost iovisible plated areas are ob-
tined if the purificstion is dons properly. The stainiess
stee]l disce thould not be flamed after plating since an
oxide coating forms which degrades the alpha spectra.

Alpln Spectrometry. Sampies are counted on a de.
wctor in wither a battery of Trapelo Frisch grid deteciors
of 1 battery of Ortec 450-mm? murface-barrier detectors.
The grids operate on agon-mecthane (P-10 gas) while the
surface-barrier detectors are operated in a vacuum. Reso.
lution of the gridded detectors are 23 low a3 20 keV at
575 MaV. The sarme Frisch grid chambers in (963 had
only 45-keV resolution, s two-fold improvement having
been stixined by modification of the electronic compo-
nencs, Resolution of the surface barriers is S0 keV.

Background v the *Pu energy peak vanes between
G.004 to D.018 for the diffsrent detecrors. Background
fluctuations are due primarily to statistical variations but
can be incregsed by sounter comaminanion from certain
isotopes. Melgard! discussed intemal contamination of
alpha spectrometens due to counting different sotopes.
On the Frisch grids, collimators are used to reduce base.
line tailing. This also reduces counting efficency from 48
to 33%. Efficiency on the solidstate detectors is 28 1o
30%%.

Calcalations. Calculation of alpha spectrometry
dawa s presently done using a combination of computer
and hand caleulztions. A smoothsd alpha specicum piot s
produced by the computer, incorporating an energy cali-
bration line from smandards counted with the specific
sampie. The plot is examined to determine the 1sotopes
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present in the sample and the aipha peaks are then inte-
gated within preselected energy regions. Corrections for
background as well as apparent impunties {ram the **Pu
tracer are made.

Etrors of analysis are estimated conservatively and
all errors aze included which could significenuy affect the
users' confideqce i the data. This treatment becomes
most significant at low (< ] dpm) activizy Jevels. Rather
than use umple counting statigtics, the error amociated
with correcting for background, blank, and tracer contri-
bution, it estimated at somewhat peater than that eror
indicated by counting statistics alone. Thia method also
assumes that some of the errors are not Gaussian and
there is, therefore, an increased uncertainty.

Opentional Experience

Experience with this procedure is discussed relative
to tracer yields, isotope punty, and other operational
aspecs.

Yielde. Chemical yields aze generally good. Figure 4
shows yields for several different biclogical omgans ranging
in weight from 20 to 600 g. There does not seem to be
any dependency upon waight. The lower yielkda for the
nodes are niot believed related Lo sumpie type.

Yields for ieach analyses of various size aliquots of
soil are shown in Fig. 5. Differwct soils are included but
no correleion of yield with soil rype has been made. The
lower yields primarily represent some of the firs: soils
anelyzed in a given weight range. Some of the unexpected
difficulties were usually ironed out. The yield from 1-kg
soil leaches and 100-g dissolutions are now expected to he
in the 70 to 80% range.

Purity of Phatoniam PMates. Natural and other artic
ficially produced alpha emitters are often prsent in

envitonynental sampies anaiyzed for plutoruum. I nor
removed, ¥*Th and *'Am will perturh the P¥Pu alpha
peak. Thorium-227 would perturd the *Pu tracer peak.
Uranium-232. a gowth 1n 2Pu tracer. is alsc added to
each sample. There are other possibie contammants of
Tunor mpoltance.

An evalugtion of the procedure for decontamina.
tion from four actinide elements was performed. The
plutonium fracuon was examined for impurines on the
alphs spectromeier,

The resulis are shown in Fig. 6. The amount of
imputities on each plate was close to limuts of deteccion,
An esumate of lower limits for the decontamunztion
factors was mada and all weve greater than or equal (o
2x 10%. More exact factors could be determuned but
larger amounts of impurity isotopes must be used.

The deconuaminstion factors obtained indicate the
procadure is more than adequate for any expected en-
vironmental samples.

Opemational Aspects, This scheme of analysis
appears 10 have the destred flexibility. The commonality
of methods is not new but the present scheme seems 1o
provide betrter unification than we have expenenced be.
fore.

As an example. Trapelo previously used a unified
wysiem for processing thousands of biotogicals. soils. vege-
tation, and various coliection media. The methads were
reported by W. Major™® The chemical procedure con-
sisted of 2 cupferron extraction. a hydroxide precipitation
from a basic carbonate mwdia, and another precipitation
from NH,OH. An amion exchange column punticauon.
very similar to the second column used in this report. was
used as final cleanup. Excellent results were obrained
using those procsdures but they contained some messy,
intermediate steps. 1.6 the organics from the extractuon
had to be destroyed by wet ashing. They were aiso more
time consuming.

FIGURE 4

TRACER YIELD FROM BIOLOGICAL ORGANS

Omun Aliquot Tracer Yields
£ Av. of Duplicates
Kidney &0 87%
Heart 6% 0%
Rib 30 0%
Node 20 8%
Spleen 560 %
Lung 210 7%
Liver 620 9BR**
Reagent Blank* - 9%

*Hank result 0.05 0.01 dem Mhy
*racked beaier cavmed ﬂyﬂd on & liver,
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FIGLRE £

TRACER YIELD FROM SOILS

Sample Size No. Samples Yields
5 Range
Leaching
100 10 2882%
100 5 2861%
100 . 5 18-76%
1000 12 B-68%
1000 13 30-88%
500 & 1294%
Disolution
100 5 42.80%
“Two difficult solls with 0% ymids not ncluded.
FIGURE 6

DECONTAMINATION FACTORS FOR P PROCEDURE

(Temed on Duplicste Rum)

Impurity*** Added
isotope individual
dpm dpn

OTY, 429 0.06
0.20

Bipy 700 0.08
0.05

myy §32 0.12
046

¥liam 467 0.06
0.00

Found ou Pu Discs

AY.

dpm

0.13

0.06

030

0.06

aResults corrected by  Pu taoer yield.

soCm decomsmunation will be sumilar o Am. -

Pu paak - Am, U (minot)
Pu psak - Th, Am
Pu paak - Th, Cm

0061129

Averagc

5%
3%
N%

5%

LANL

Remarks

Eary wark
Later work”

Estimated

Decontam.

Pactor

»3x 10

» 10 x 10°

> 2x 10

»>8 x 10° *"

vspomntal mietference m Pu alpha spec would be.
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Specific Problems in Low Level Piutonium Anslysis

A few specific problems related ta low-level pluto-
nium analyss are given. These aze mutual problems faced
by analysts and which affect the ultimate data users.

Low.Level Aspect. Highdevel plutonium samples
some(imes appear unexpectedly in anaiyms programs.
Somerymes they have been prepared 33 ptogram evalua-
tion spikes or other tests. They are a defimte contamina:
non hazard to other samples when this is not khown
ahtad of time. In a program with mixed levels, a pre-
MONLtoring system must be 121 up as was done in past soil
analysis programs.!

Al this laborsiory, low-evel laboratory operations
suffice for analysis of amples ranging from zero to
spproximately 100 dpm. The greatest basrier to crom
contamination is the use of new glamware, especially on
low-level ampies. [f the project work does not merit this
added expense, then second-hand glamsware from projects
of similar or lower level can be umd. Used glasware
introduces ancther variable since cleaning procedures may
not be perfect. Other sources of aow contamination,
such as reagent bottles, centrifuges, pisters, etc. must be
minimized by good housekeeping. Effectivenes of such
operations must be monitored by processing blanks with
cach batch of samples,

Plutonium-236 Tracer. The Key L0 3ccuraie analyses
at many laboratories s um of tracer. Stocks of
ttacer available have been found to contsdn a slight
apparent conmination of Py (1.2 1o 0.5 alpha %) and

u {0.04 to 0.09 alpha %). The conumingtion incresaes
relatively with time, almost proponionai 1o the 28vyr
Py decay. Tracer purchased in lste 1970 from the
USAEC, Oak Ridge tests no better than our previous
stock (produced in 1963).

The most serious effect is in the amiysis of P*Pu.
The amount of correction nesded i difficult to determine
accurately. Use of very small amounts of tracer (3 dpm)
munimizes the correction but longer counxing times are
required. An alternale method, in 2 sample with measur.
abie ¥*Pu content, is to split the tampie and analyze one
part. with tracer. to obtain the ™Pu content and the
second part, without tracer, 10 obtain a les unperturbed

uf U ratiq.

Evaluation of Anslyticsl Quality. Radlochemists
may expound upon very good tracer yiekis and relate
them to analytical quality. Data users may be unduly
influenced and give high-yield data weight over average
yields.

In lowdevel plutonjum analysis, a good yield means
that signai-to-bacikground ratio and figure of merit for a
fiven sample is being meximized. This is imponant, bur a
very high yield, say 96%, may be &n artifact, particularty
in diede counting. {1 should not outweigh 1 yiek of 80%
or even 50%.
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Meigard discussed the factors affecting the ff..
ciency of both Frisch gnd and surface-barner detectors.
Non-uniformity of plating can resclt in a 20% vananon n
counting efficiency on 1b. detectors. Sample positiorung
has 1 largs effect on efficiency at short sample-to-derector
distances used on surface barriers. The error is greater int
smaller detectors. Frisch-gnd efficiency is insensitive ta
these variations. Thus yields on surface-barrier detectors
may not be abaolute, but since yield cancels in isotope
dilution analysis, this i3 not important. Ar Trapelo, tracer
vieids are considerad accurate to £ 3% on Frisch grids and
1 5% on the 450-mm? surface barriers, Thus, 3 sampiz
with 96% yiald on solid wate could measure 88% yield on
a Frisch grid, with no harm, except to the self esteem of
the radiochemust.

Summary

A commonality in methods of law level plutonium
ansiysis in environmentsl mmples at Trapeio/West has
been brieflly decribed. Emphasis has been placed upon
aspects considered mott important to obtain accurate
results. The sysmem of anatysis at a given labaratory is
cousidersd 1o be most important.

. Providing certain primary Ooperations are accom-
plished in an asalysis, intermediate processing steps
amure scondary imponance, provided tracer yieids are
reasonsble.

Most important it use of an absolutely standardized
plutonium ctracer and equilibration in the sample. As
sample sctivity lovels decress, spectra interpretation and
dats calculation methods asume greater importance. The
data user should use low level dsws with large error limits
with caution. [n the haste of project analysis, data users
tather tend 1o disrogard srror limits.

Large error limits, calculated by routine statistical
methods, should be veriffed in empirical tests such as
dilutior experiments, blanks, etc.

With thes considerations, it is recommended that
promuigation of approved methods by any agency group
or prowct be done with csution. That flexibilicy of
methods be sllowed 1o each iabotatory system and thac
emphatis for correcrness be placed upon obtaining the
ame results on the same material by indepeadent labora-
tory systems. Thit is alresdy the basis of operation for
some of the most successful datagathering systems in the
nation,
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THE PARTICLE FROBLEM AS ARLATED TO SAMPLE INHOMOGENEITY

Ciswle W, Sk
Heslth Serviee Labwwwinry
U. 5. Aomis Erargy Commimion
Ideho Fally, ldaie

ABSTRACT

The offest of the spealfic sctivity of single partisles of verious sim on
tha comperstiva homogeneity of plutonium divtribution in 10il ameiss i

cliscusss

infermation is praserviad on the relative effisany of lesshing procedures

wrsy e semple devomposition as 3 funcrion of perticle sixe and etigin.

The sctivity of N sphetical particles of purs **Pul,
i8 0.721 N D? dpm where D is the digmetas of the particie
in microns. Because the activity & proportional to the
third power of the dicmeter, 2 tendol incrwam in diam-
eter gives a thousnd-fold increase ip activity. If the
sctivity is low, a5 it prasently true with average sofls, the
entire activity could have resulied from s very fow parti-
cies of ressonable size, making reproducible mmpling
virtually impomible. For example, 2 single 14 partiche tn
i0g of sofl gives an average activity of 0.072 dpovy.
Levels around 0.04 dpm/g wre widely encountered in the
environment, while levels 24 high s 1 dpm/g have caumd
considerskle concern among »ome critics. These kwls
could have resuited (rom single particies having diameten
of Q.82 tnd 2.4 u, respactively, in 103 of soil. A single
large particle would contribute s much activity a1 2
thoussnd smaller ones with one-tanth the diamater. Con-
sequently, differsnt solid aliquots of the same smmpic
submitted for analysir could give resuits differing by
tmany orders of magnitude depending oo the number of
particler present and their szs distribution in each
aliquot. Larger samples would obvicusly heip obtain a
mote representarive mesn but would not eliminute the
problem.

I sboratory measurements of the chatacteristics of
aerosols reslling from small-scale bumning of plutonium
mewl and alloys, Ertinger et o' found mas median
diameters (mmd) of 0.03 t0 0.14 4. They slso quote work
of athers pving mmd’s of severs] x for other conditions.
Mishims and Schwendiman® found a mmd of 4.2 4 for
aerosols from igmition of large metl ingots in moderate

airflows, and mmd’s up 1o 60 u for the aitborne matenal
reguiting from beating dry plutonium compounds in flow-
ing sir stream. Similarly, Kelkar and Joshi® found pluto-
njurs partickes with 1 median diameter of [l in a
laborstory handling plutordum compounds. (t seems
sptirely ressonsble to sxpect severe smple inhomo-
perwity at short distances from plutonium facilities, par-
ticularty if the activity lavels are high, and 2 detectabie
problem even st comsidersbis distances. Fowler et al.*
show resuits varying from 0 1o 778 dpm/g in 2 single wil
sample collected near the impact area of an aircraft carry.
ing a nuclear device.

On the other hand, if the particles are even as smail
as 0.1 ¢ nt doast 556 particles of the pure oxide would be
required in & 104 mmple to produce an average level of
evert 0.04 dpm/g. Such a large number of smali particles
should permit the sample submitted for analysis (o be
homogenized and sampled better than the stalisnical un-
certainty smocinted with either the subsequent analyss or
the environmental smpling itself. However, most of the
giobailydistributed plutonium results from detonaton of
nuciear devices that give particles only & few mu in diam.*
an extremwly large number of which would be required to
account for the obseresd activity. Furthermore, material
from the detoration of nuclesr devices will have been
compietely vaporited and recondensed giving particies
containing & very tmall fraction of plutonium cather than
separate, discrete particlas of the pure oxide Conse.
quently, little inhomogeneity of consequence might be
expected on oils contaning only plutonium from giobal
fallout . even on only 10-g samples.
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Although few |n number. the expenmental data
shown 1n Table | appear to substantiate the correctness of
the above reasoning. The first two samples were obtained
near a plutonium facitity, but one which was not known
1o have released any piutoarem 10 the envonment.
Samples 3 thuough 7 were opauned at dmstances of about
20, 2.0, 16, 17 and 43 mules. respectively, downwind
from a piutonium processing facility kaown to have re-
ieased a significant quanuty of plutonjum. Sampies 8§ and
9 were raken at distances of zhou: $Omiles and
100 vards, respectively, from two other faciiities known
to have reiessed plutonium. Every result obuined on
samples |, 2,2nd 7. and all but ane result each on samples
3, 6, and 8 are well within the statistical uncertainty of
the analyses on 10 mmples. The plutonium present
probably resulted entirely from global fallout. However,
the ungle, high values in semples 5. 6, and 8 are L.5t0 4
tumes the other values in ¢ same sample and chearly
represent a  significant agference in that particular
aliquot, powsibly caused by a single, iarger particie. The
resuits on samples 3 and 9 show the pronounced betero-
geneits o be expected on samples mken relatively clom
o the swource where larger particies might be expected.
Samples 3 and 4 were wken at greater distances than
sample 9 but the source was much larger and the ares is
subject 1o fairly high winds,

The particle problem becomes particularly cute
with *Pu0; for which the numerical constant in the
above activity-particle size relationship i 202. In a 10g
sample, single particles of C.1- and 1 diam give average
activities of 0.02 and 202 dpm/g. rexpectively. Conse.
quently, even low-ctivity sampies mught be expected to
pve extremely ermatic results occasionally dus 1o sampie
inhomogeneity, particularly In the vicinity of facilities
handling **Pu where lazger particles might be encounter-
ed. In one such example, the ratio of ®™Pu 10 MPu
changed from 1.6 to 0.15 on two separate aliquons of the
same sampie showing conclusively the presence of discrete
partcies of different compogtion.

The numerical constant in the activity-size expres-
sion above is owuﬁ 94 x 107* for & highly enriched U0,
containing 1% U0, and 99% 3U0,. A singhe particle
of 10 dism would produce sctivity in 10 g of soil of
only 0.069 dpm/g. Consequently, relatively larger parti-
cies ate required 1o produce significant activity in a few
particles and the particle problem is expacted to be rea-
uvely small for uranium oxide, even when highly en-
tiched. The constants are B.03 x 107 for ®NpO; and
41.1 for ™ am0,, giving rise to particie problems inter.
mediate to those described above.
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TABLE |

REPRODUCIBILITY OF ANALYSES USING

10-GRAM ALIQUOTS OF PREPARED SOQILS

Number

[ ¥]

Pu found.
(dpm/p)
G.1t0 = 0.009
0.11& £ 0010
0612 £ 0052
0.101 = 0.008
0.111 + G.008
0.060 = ¢.007
0,050 £ 0.007
0.054¢ £ 0.008
0.063 £ 0.007
159 =0
0.56 = 0.02
094 = 003
068 £ 003
062 £ 002
0% t Q02
Q.57 = Q.02
0.084 = 0.066
8077 £ Q008
0.042 + 0.008
0.0%5 £ 0010
0.047 = 0.006
0079 = 0.009
D.058 + 0.008
0071 = 0.00%
0.29 z 001
0.05] = 0007
0.086 £ 0.009
0.056 + 0.006
0.052 = 0.006
0.071 = 0008
022 % 002
0.051 * 0.007
0.059 £ 0.006
035 = 002
078 £ 0.4
173 £ 0.4
0.6 = Q0t

$Lcached according to Chu?. Insoluble, 10%;

wid soluble, %
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PLUTONIUM IN SURFACE S0IL IN THE HANFORD PLANT ENVIRONS

by

J. P, Corley, D. M. Roleremn and F. P. Braver
Batiells Manorisl 1nstitum
Pacific Noryramst Labaratory
Righland, Washington

ABSTRACT

Surfsce i wmpling from Februery, 1970 twough April, 1971 on and
sound the Awmic Energy Commission’s Handerd Remrvstion s deesribed.
The wmpie sitse soinsted worg from los Ton 1 mils 0 s for as 30 miles from
major plumenium-handiing taciiitien, inchuding sites around the parirmeter of the
AEC sonwolnal land.

The w0p ons-halt insh of il wee sompied. Vagrmtive Nrter and rootmat
wores svoiead ss mush s pomibie. Portions of the mized il sompls were
dried and snaly aaef for pivianium comtent, using seid leahing, wivent axtrac-
tion, snd piphe coumting. Severs! lacation wers simpind in repliowte. Cartein
sampies wats srmiyaid s duplieres. The plwtonium reniits (sl o0 dpin pluto-
nium par g of dry il) grouped by penerel Josstion WeNY: within rertricted
areag, from 005 w 1.4: ounide restrieind aress Ut within ¥he relarvetion
boundaries, < 0.01 10 0.28; snd ouiide the plant bawndery, from < 0.01 w

0.13,

Introduction

| must preface my talk with & cautionary remark.
Although any conclusions that might be drswn {rom the
limited data we have evailable so far can be »t best
tentative, we Delieve thai recent date colected at the
Hanford site, and the techniques used, might be of inter-
est 1o this symposium,

Analyses for plutonium in air, water, and foodstuffs
have been part of the routine surveillance program at
Hanford. We have surveysd the ground and othe: surfaces
for plutontum where there was pomible deposition from
stack emissiony, waste spills, etc., using direct instrument
measurements. Detectable plutonium deposition from the
few such incidents has been confined to restricted aress.
The surfsce contamination levei that can be detected with
outr portable instruments it approximately
0.007 ug Pu/100 cm? .

The desire to obtain additional information regard.
ing amy sptead of plutonium beyond the restricted areas.
as well as 10 distinguish betwesn any plutonjum in seil
resulung from plant activities, and that remlting from
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fallout jed 10 a screening survey for plutonium in surface
soilt both on- and ofT-site in February, 1970,

The rasults to date and the procedures followed are
discussed in this paper. Although some additional samples
tave besn taken, the major part of my discussion wil] be
pn the injtial survey. The limited amount of subsequent
data hay given results within the same range of plutonium
CORCENtIations.

Sempling Procedare

In order to minimize the variables associated with
the sampiing, an attermpt was made to select uniform
ampling gies. At Hanford, this means desert soils as free
33 possible from rocks and standing vegetation. Emphasis
was placed on the sampling of undisturbed oils and only
minimum amounts of rootmatl or vegetative litter were
accepted. Since the primary objective was to determine
the current distribution of plutonium rather than 1o make
2 total environmental inventory, the sampiing depth was
kept to x practical munimum.
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initiai sampling was done with 2 flat-bottomed
sc00p approxumately 18 by 1210, An attempt was made
to take only the top % in. of sed. Subsequent sampling
has been done with a closed-top sampler 10 minimuze
variaion m sample depth. An crdinary cellulose tape
conainer gives a neat, sharpedged, reproducible cut in
our desert soiis, 9<m n diam by {.6<m deep, provided
nD larger gravels are present. A trowel was used 1o make 3
clean cut across the bortom edge of the container and 1o
rewan the entire sample for transfer to a tared polystyrene
sample jar. Repested cuts within the selected sampling
area give 2 toal sampie weight of 150 g or more. Samples
of known depth can be tsken by removing soil from the
side of rhe implanted container just deep enough to
expose its boitom edge, remowng the sampie, and repeat-
ing the procedure.

Plutonium analyses on the samples of February,
1970, were performed by two laboratones, Battelle-
Northwest and U.S. Testing Company. The Battelle-
Northwest Laboratory procedure umed sbquots of 10g
(dry weight) of soil for plutonium analysis. Esch aliquot
was spiked with 2 nominal 1 dpm of 3Py and heated for
2 to Jh at 750°C. The soil was then leached with both
dilute and concentrated hydrochlonc acid followed by
concentrated niteic acid. The total acid contact time was
3 to 4d. The leach solution (10M in HCl) was ioaded on
Dowex:1 anion exchange resin and the resin washed with
LOM HCt. The plutonium was reduced and eluted with
0.1M ammonium  iodide in SMHCl. The plutonium-
bearing effluent was conwerted ta BM HNO, and again
loaded onto Dowex-1; the revin was then washed with
8M HND, , and eluted with 1.2N HC!. A final purification
was accomplished with a thenoyltrifluoracetone (TTA)
extraction. The plutonium-bearing omganic phase was
evaporated on a platinum disc, counted with 3 150 mm’
silicon surface-barrier detector for 8 w0 10d. Process-
biank countng rates were les thin onedenth of the
lowest sample counting rate. The derection level by this
procedure is estimated 10 be 0.0Iuchm per sampie for 1
10 d count or about 0,001 dpm/g ™ Py of soil. Use of
the Lﬂ’icon detecior permitted distinetion of Py from
the <7 .

The Cs content of the samples was measured by
gamma-ray spectrométry gnd used to normalize the pluto-
nmum results for differences in the fallout content of the
various samples. Several hundred g of sample were placed
in 2 54n. diarm by 3/4<n. deep plastic container. The
sampies were counted for at lease 1000 min each between
2 pair of 64n. diam by 54in. thick Nal{T1) detecrors
operated in anticoincidence with a plastic phosphor
annulus for Compion suprestion and backgreund reduc-
tion. A weighted least-squares method was used to calcu-
late °Cs estimates from the spsciral data,™*> The calcu-
lations gave 2 precision estimate for the Cs analyses of
better than £ 5%.

For a few of the February, 1970 sampies, and for
all subsequent samples, a somewhat different plutonium
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analytical procedure was used by the LS Tesupy
Company ® Sampies were weighed. oven-aned 1t 1237
for 24 h. ind manually stirred o muix the sample and
Break up any clods. Five g ot dried soif were ysed tor for
leaching. One-hundred mi of 8N HNO, pius 2 drops o
concentrated HF were applied under refTux. The resulnng
mixiure was Ritered and washed wirh hot i HNO; .
Alter evaporating the leach sclutian 1o dryness and re-
solubilizing. a lanthanum fluoride copreapitalion was
carried out. TTA extraction and electrolvtic deposition
ware used to purify and mount the plutonium for couni-
ing. Counting was performed by exposing NTA film to
the plated duc for approximately | wk. Alpha tracks in
the film wers counted and canverted to dpm as total Pu.
Yield by this procedure was nomnally 63%. with an
expected detection feve! of abour 0.007 dpmig of soil.
The procedure described following the leach step s our
standard bioassay procedure for plutonium.

Analy tical Results

Figure 1 shows the Hanford reservation, the chem.
icsl separations areas, the reactor areas. and the

*US. Testing Company. Richland Branch - 4 Conactor to the
Atomx: Energy Co mmusion,

¥
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laboratoty aress. as well as nearby communities. Sampling
sites are indicated.

The distance to the neares: chemical separations
ares has been Listed in Fig. 2 {or )l sampies oursde these
areas. Both areas have, in the pam, included facilities for
liquid processing of irradiated fuels. while the West arex
also has facilities for procemsing plutonjum to meul and
metal fabrications. Much smaller guantities of plutonium
have been handied in the 300 {Lzborstory) Ares.

For the anatytical dacs peesented in Table 1, US.
Testing Company dats are identifisd with ar asterisk; the
remainder are Battella-Northwest deta.

Bulk density measutements of the dried soil ranged
from 1.35 to 1.65 g/m}, and an avemge value of 1.5 g/ml
has been umd to conwert concentration by waight to
surface deposition per unit area.

The right hand column is [abelod Midriple Analy s
The entry aliguo! in thiv colsmn indicates smalysic of
more than on# portion of one sample and mmpile indi-
cates analyes of different sampies taken at that one site.

The amaiyzical resulty obtained on swenl samples
taken from one sample site generally thow about the same
variation as replicate analyms on one mmple. For the
analyses performed by the Battelle Northwest
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Laboratory, the results are genenaily within statistically
expected range. Values from the other laboratory com-
pare lem clomsly. The varistions between sites and be.
tweon replicate samples tre believed due largely to
non-uniform distribution, but other sources of inconsis-
tency cannot be ruled out. However, the values abtained
are generally in the expected range from other ceported
results for plutonium from fallout,

The primary intent of the work done was the identi-
fication of plutonium from plarni releases within the re.
stncted areas and to determine if this plutonium had
migrated 1c arest ouwside the restricted areas. Figure 1
thows the ™ Py gerivity concentration as 3 function
of distance from plutonium procewing facilities. The
variability & mﬂt. with no clear relationship. Figure 3
is a plot of Pu sclivity comcentration versus that
activity normalized to '*'Cy, antribuzed 1o fallout. As i
readily ssen, the mmpies marked W, those from the re-
stricted area contsining the plutonium-andiing tacifines.
are distinct from all other samples. These vaiues have 3
Pu/Cs activity ratio which an be attributed 1o plant
rejeases. The remaining daza, both on and off the reserva-
tion, have the same nominal Pu/Cs ranon, @ ratio charae-
tenstic of regionsl surface faliout at the ume of sarnpling.
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Summnary and Conclusions

During the operation of the Hanford piant. small,
localized releases of piutonium have taken place. The
smpies from the restricted West area, confimm this tact
and indicate that a different Pu/Cs activity rauc is to be
expected from that due to fallout. The samples from both
outside the restncted ares but withyn the planr bound-
anes, and outside the plant boundaries, have the same
Pu/Cs ratio, indicating that the plutonium found 15 due 1o
fallout and not plant operation.

[ have been impressed by the precision reported in
other papers at thit meeting, and hope to make we in the
future of soms of the things we have leamed,
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MEASUREMENT OF PLUTDONIUM IN SOtHL
AROQUND THE NEVADA TEST SITE

Expaisantt sondusted ot the Atomic Ensrgy Commimion’s Novada Tet

Sits hovwesn 15T and 19ES, weing plutenium in beth eritiosl and wb-eritical

how reswited in distribution of pluteniom beyend the Bownd-
arios of the Tost Dise. Tha Southwastorn Radiniogiasl Heatth Lotmrutery of the
Environmene Protestion Aganey is cenducting & Turvey W smem the dietriby-
Hon ohd ennaentation of plrtaniem in the ¥ -2its savircamont.

Speciv mmpling methash wore Sovitpd sines Soeert 1ol i 100 cter and
dry for sager snd cookie cutter smpling tWwahnigues. Boil lmple My st ary
porformesl by » diwsivtien, i sxevange, and sleswradapesition precedurs
followed by siph speutreasopy. Piusbniam hes een dotectad in four lecations
stound v Mowals Test Biw. Thewr eastions serrmpond 10 fall-out wees
proviously iduniifiod for the werious test serise. Plutenium congentistions in
the 00 Jem of it worn 10 w 100 tiomes grester than the CONCIMTATION in

wils from sres ROt bRt 1 conmmination by thees wris.

Nuckar expericents conducted by the US. Aromic
Energy Commission at the Newsda Test Site between
1951 and 1963 using piutonimm in both critical and
sub-critical configumuons have resalted tn distribution of
plutorium beyond the 1estsite boundarier. Thess experi-
ments were genersily of thrs typss Thers were aceir
denul veniings of underground explosions which contri-
buted litthe, if any, to off-slts plionium depoition.
There were also atmospheric detomations of fullecale

LY I

a il mmpling program to determine off-site plutonium
levels. The main objective of the study i to define the
current plutonium distribution sround the Nevada Test
Site, determine if it is migrating by ratural phenomena.
and determine if man hae been, or may be, subject
plutonium exposure. Should thete be any health hazard.
it will be slvown by the study resulus. Concurrent with this
off-tite stdy, more detailed and complex studies are
being conducted on the Nevada Test Site to evaluare il



charactenstics. The mountains are sreep to very sceep and
composed of sedimentary, metamorphic. and 1gnegus
stone.?

This soil survey was begun at twenty populated
locations around the Nevada Test Site and two unpopu-
lated locanions {see Fig. [). These locatians are both
inside and cutside the fission product fallout patterns
defined for the test series above. Baker, California and
Kingman, Anzona were selected as beckpround stations.
initial soi} sampies were coliected from profiles o deter-
mine vertical disposition of plutonium. Two profile
samples were collected in the vicinity of each loation,
usually three to five miles apact. Profiles of 23cm deep
and 200-cm square were sampled with layers divided at 1,
3. 7. and 15cm.

Since desert yoil is 100 dry and too coarse to use
cookie cutter of auger mmpling methods, the samples
were collected by a pir rechnigue. A pit was dug as deep
as necessary to accommodate the maximum ssmpling
depth pius some working room. One face of this hole was
left vertical. From this face wa trowslled or scooped the
demred thickness and area iayers. A fixedsize scoop
works well. After the scoop is inseried, its mouth may be
covered with a broad knife to fix the sampled area or
volume. Also, it is convenient to slide a flat plate under
the inserted scoop to prevent mixing any material which
falis into the sampled ares with the subsequent sample.

0007
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Arter the layer s removed, surrounding miatecial may Se
cleared away to prevent backfall which may hindeér sam-
pling the lower layers.

Area sampling is done with a scoop techmque Not
less than ten scoops toralling mare than | f1? are used 1o
compomite one sample. As above, the scoop is designed far
a fixed sample depth and arex. To date. this has been
Scm by 100 cm®. Bused on the profile results. it appears
that $<m deep will be sufficient far most cases.

All sampies are prepared for analysis in 2 similar
fashion, The ample i3 first screened and subdivided.
Thers & genersl agreement that plutoruum will reside in
some fine fraction of the soil. There 18 not agreement of
what fraction to eliminawe. Some analysts discard the
material more coarse than 200-mesh: some discard mate-
rial more coarse than 25-mesh.’ The SWRHL procedure
uses {Ouresh 23 & dividing point. The more coarse mate-
rial i3 gantly ground in & mortar to break up the clods and
screensd. The fine fraction is divided by a riffling appara-
s 10 provide aliquots for anatysis. An aliquor sufficient-
by sall 16 be handied in & 100 cc bottie sapprox. (00 g)
is chosen for plutonium analysis and another aliquot of
about 400 cc (about 500 g) is selected for gamma spec-
troscopy.

The small aliquot is dried at 110 C. ground and
mixed. Oneg aliquots are ignited at 700°C and dissojved
in 3 Teflon beaker by digestion with nitric and hydro-
fiuoric mcids. Nitrate, fluorids, and silica are removed by
evaporaton to dryness followed by repeated evaporations
in the presence of hydrochloric acid. Plutonium is ab-
sorbed from a M hydrochioric acid solution of the resi
due on 2 colume of AG ] x 2 anjonic exchange resin.
Co-sdsorbed wron is removed irom the resin with 7.2M
nitric acid after which the plutonium is reductively eluted
from the reun with 1.2M hydrochloric acid containing
0.6% hydrogen peroxide. The separated ptutonium is elec-
trodsposited from |M ammonium suifate media onto
stainkess stee| planchets. The activity of the plutormum 13
datermined by alpha spoctmmpy uting ®Pu as an in-
ternal reforsnce standard.®

The 400 cc aliquot is counted 40 minenad x4 1n.
Naf(T1) cryswl coupied to 2 400 channel pulse-height
snalyzer. The taped spectrum u :mlyzed 3 matnix
solution for ‘MW, ™R3, T, ! "%-I.n %R
and "Zr,

Gamma-scan results thow nothing extraordinary for
the Jocations sampied for this survey.

Typical tesults which have been found for plute.
nium are shown in Table [. The values shown are com-
puted from the concentration in pCi/g at the rwo-sigma
confidence level. These results are prelimingry and subject
to minor modifications as procedures are refined or re-
peated analyms are performed.,

Plutonium was detected in only the top Jcmn
most cases and the profile pairs agreed o within a factor
of three in mast cases. Three arez samples were collecred
st Lathrop Welis 1o evaluate the variance within 2 group
of cores snd between locations, but unfortunately they
were collected at one of the disagreeing cases. Anuther

00130422 051

=

LANL



TABLE |

MEASUREMENT OF "pu IN SOILS AROUND
THE NEVADA TEST SITE

Location (sex Figure 1)

Perioyer VAlley ! mi £ of Co Line
6 mi E of Co Line
Queen City Summit profile at summit
{1000 em? wurface sraping)
Highway 25/Reweille Tumoll s
Lathrop Wells 2mE
2m W
2 mi E surface
2 mi E melface
2 mi W osuriace
Alamo 42 mN
34 m S
Beatty 4 mi N
66 mi 8
Tanopah 15 m S
19 mi NW
Warm Springs 26mkE
4.5 mi W
Moxps 4 mi NW
7 mi NW
Disblo 24 mi N
2mS
Goidfield 34 m S
3I8m N
Butier Ranch 19 mi S
23 mu N
Caliente 4 mi N
42 m 3
IndianSprings 1S mi E
3T W
Fumace Creek, California 1.3 mi S of Inn
06 mi N of Ranch
Scotty's Jeot. mi S
21 mi N

30071143 LANL

Pu
(mCikm?)

130
6.7

19
-

T

5.7

L1

H i+

H

Sy H N

[ g

1+ i+

(L3 3

Wi+

6.0
1.3

10
9

0.71

094
0.2
32
1.3

D.64
0.45

0.88
Q.B4

-

052

092

i DO

073
0.58

0.89

21
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Location (see Figure })

Clark Statier I W
>m E
Hiko 36 m N
1.5 m §
Kingman, Arizona 06 m E
[6 mi W
Baker. Calitornis 1 mi N of Airport
6 mu N of Airport
Death Valley Juncuon. 14 mi §
Cahfornia 21m N
Las Vegas 3m W
5 mu SW

Py
{mCi/km?}

19
14

LI}

1.6
0.8

[E 313
[ ]
+

-3
1+ 1%
L]
=

"

—
oo
H

“This result 8 under Guesuon. Another sempie wil be analyzed,

sample was coliected from a cultivated field in which
plutonium was found, however no plutonium was found
in the bsrley growing there. No data comrelations have yet
been made between these data and data generated during
the test peniods when plutonium was known to have baen
released. [t is noteworthy that Lainrop Wells was in or
near the fallout pattem of many of the Harduck, Phase 11
expenments and Buter Rench lay in the fallout pattern
of the Smoky Event of Operstion Plumbbob. No analyses
capable of defining specific origins of the plutonium have
yei been artempred. The locations sampied in this survey
which showed piutonium do coincide with Gasion product
tallout patterns defined for the above metntioned test
SETIRS.

This preliminazy information shows there is detect-
able ®Pu in the areas around the Nevada Test Site and
point out four general areas for further study. These areas
are Lathrop Wells, Goldfield o Scotty's Juncuonm,
Penoysr Vallev 1o Reveilie Tumofl, and Butier Raach,
The highest deposition of *Pu is northeast of the Nevada
Test Site with the second highest deposition being south-
west ag defined by this survey. Values range from
130 mCifkm? to background. Sampling will now be ex-
panded in these four areas to define disuribution patterns
as they now exist.
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CONCENTRATIONS OF PLUTONIUM, COBALT, AND SILVER RADIONUCLIDES
INSELECTED PACIFIC SEAWEEDS

K. M. Wong. V. F. Hodgs, snel T. K. Polsom
Boripps Inetitution of Ocssnagraphy
University of Californis, $an Diego
La Jolis, Cabitornis

ABSTRACT

Resent studiss 0f maring erganisws from te Nardth Atemic Osssn thow
thet exsmptionslly Mgh soncenwatiera of *Pu hewe bsen found in eweeds.
The erwichment of other radisnuclides alec hove been obeserved in oartain
species of sae plants in the Hudea River snid in the Pasific. The high upaaks of
tadlionuslides ond the relative vame of wmpling sugpest thet seweels mey be
idenl for monitering oertein redio-ectivities in tha maring snvironment.

For this resson, we heve initird ¢ wreey of the consentrations of
plutonium, radivesbelt and ragiositver in soversl spanies of sewesds aollectad
along the soarl wamr of Southern California. Pretiminery findings concarning
the distribution of “*Pu and some other redionuciider are reported.

Introduction

Recent measurepmnts of marine samples have
demonstrated that exceprionally high concentrations of
plutonium are to be found i sawweds.'™ It is already
evident that the high comcentrations in ssaweeds make
them senaitive indicators of changm in plutonium in the
environment, and that relativly small mmples of ma-
weeds that are, in many cases, essy 0 collect and can
exntily be snalyzed with precision. Nevertheless, the piuto-
nium concentrations in only a few of the various known
species of sigae and marine grames have yet been meas-
ured and compared with conosntzations in their snviron-
mental sea water. For instance, relatively few measure-
ments have been made conceming plutonium in the red
aigse and in the marine gramas living in relatively uncon-
taminated oesanic environment.

It is the purpose of this paper to report findings of 2
preliminary survey of plutonium concentrations in 3 few
selected organisms collected recently along the coast of
Southern Californis. The samples include several species
for which no previous studies have been made. Also, some
identical species were coliected in wveral different manine
environments for comparison of their plutontum con-
tents. Whetever possible. correlations have been made

00811

betwesn plutonium concentzations found in the species
and the concentrations of certain other nuclides that have
been found useful in the paat for monitoring the progress
of radiosctive contaminations from fallout and from
coasts] {and shipboard} remctors. These latter inciude
Heo W0, WO and a few other gamma-emitting
nuclides.

It is apparent that many of the seawseds may be
useful as monitors. They are sbundant; several species are
widely distributed; they ususilly may be coilected near
sources of pollution, reactor discharge pipes. and sewage
outfalls. They integrate effects of environmental con-
taminations, depending upon their life spans, for periods
of less than one year 1o more than 24 years?

Thew preliminary results tend 1o emphasize that
seaweeds might be still more usefu] if more were known
a8 1o the rates by which irace elerments were accumulated
by the separate genera and species, and also if more were
known about their responses in different environments.

Methods

Twelve species of seaweed were collected from five
stations along the coast of Southern Califormia as shown

93
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in Fig. 1. Certain samples of the same species were also
collected from different stations at different times to
check for variation of plutonium concentration as a func-
tion of geographic location and collection time. All these
samples were coliected between December, (570 and
July, 1971,

The detajled znalytical procedure has been fully
described elsewhere ® The collected samples were sepa-
raced and identified by genera, then washed in sea water
to remove sand and loose foreign materials. The wet
samples were weighed, dried at 100°C, and athed to
constant weight at 450 to 475°C in a muffe fumace. The
athed samples were dissolved in HNOQ,-HCl and **Pu
tracer was added to serve a5 radiochemical yield monitor.
The plutonium was separated and purified by anion ex-
change column, electroplated onro a staniess steel disk,
and deterrruned by alpha specuometry.

Results and Discumion

Table | summarizes our data on samplkes collected
from the coastai water of Southern California. The

concentration of P'Pu and four gamma emtrers ure
5NOWnN.

The samples are grouped wparately o red zlgae.
brown algat, green algae. and two kinds of manne grasses
0 that the behavior can be discussed separately.

1t appears, from Table L. that there 15 2 wide vana-
tien in concentration among the different species of
seaweeds. Also. variations by factars from 3 10 5 have
been observed even when the same species were collected
at diffetent times or locations.

It may be noticed first that the highest concentra.
tion of MZr/"™Nb are associated with ail of the samples
that were collected during the pertod of Iune 2! 1o July
4, 1971, This suggests that 2z new source of falour has
been encountered this year. The concentranion of **Co,
®Co and ''°™Ag in the samples, however, do not corre-
tale with the same increase in ™Pu or ™Zr/*Nb activ
ities. Since ®Co, *Co and ""™Ag are believed to have
been released from the San Onofre Nuciear Power Reac.
tor (collection site B in Fig. 1), this negative correlation
of ™o in these sernpies suggests that the new activity did
not come from the San Onofre effluents.

Further examination of the samples containing the
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TABLE [

RADIONUCLIDE CONCENTRATIONS IN PACIFIC SEAWEEDS

Collection
Sampie Dute She
Red Alpae
Gelidium 3p. 12-127¢ B
Gelidium sp. 12,127 ¢
Gelidium sp. 7- 71 E
Amphuoa sp. 63011 D
Comnallina sp. 330711 B
Brown Algae
Macrocystis sp. Apr. 64 C
Macracystis sp. 6-30-T! D
Macrocystis sp. 7. 4.7] A
Eiseniz sp. Apr. 64 C
Eisenis sp. 7- 1-T1 E
Egregia sp. 3-10-7) B
Egegia sp. 717 E
Zonairz sp. 3.10-71 B
Zonaria p. 7 1.7 E
Sargagum ip. 6-30-71 D
Sargassum sp. 7. 471 A
Dictyopteris sp. 4-30-71 D
Green Algne .
Ulva sp. 6-30-71 D
Surf Grass
Phyllospadix sp. 3-19-71 B
Phylospadix sp. 6-21-11 C
Zostera sp. 63071 b

dpm/kg wet mmple?

P2y
ey Wy Wy WMug "N
DSE £ Q.07 98 10 2 < 4
D42 £ Q.04 < 7 3 < 2 < 4
2.20 £ 018 < 2 9 <2 930
2.10 £ 0.20 - - - 780
148 = 0,15 950 48 41 < 4
071 = Q.06° - - - -
0.7t £ 0.08 < 7 «< 2 <] S40
0467 £ 010 - - - -
100 £ DOS - - - -
285 2 02§ - - - .
044 £ 0.03 49 <2 <1 < 4
1.55 £ 009 < 2 < 2 < | 290
165 £ Q.19 - 45 - -
£50 £ 0.30 < 2 4 < 1 97
0.52 £ 0.0% - - - 308
072 £ 0.25 - - - .-
It Q.20 < 2 <2 <2 9L0
120 + 04D < 2 6 (] 129
061 £ 0.03 960 &1 93 < 4
090 ¢ 0.12 < 2 1B < 2 411
0.68 &+ 0.08 - - - 200

¥The reported error for

Pu is one s;andard deviation of the counting daty. The counting error for other radionuciides

15 wQuai 1o or [ess than 10Fe. Activity below detection Emie i indicatad by lesr than aiue.

bgee Figure 1 for mmpling locations,

‘Daa from Mllai et al., 1964

highest ®*Pu concentration clearly shows that the greatest
increase in MZr activity was related to the sampling loca-
tuon neat Coronsdo Island as shown in Table [I. This i3
congtistent with geographic varistions found in earlier
studies of falloutr cartied out in surface mawater west of
California in 1964-1965.7 For axample, Tabls [11 shows
that the ¥™Pu concentration in ssswater incresmd by 2
fagtor of 3 between sampiss coliected from the Scripps
Pier and those collected 10 mides from the coast. Since
Coronado [skand is about 8 miles from the coast, the 3 to
5 fold increase of ¥Pu concentmation in the maweeds

0007 47

collected thars cocresponds with the expected higher
plutonium concentrajon in the ssawater at this distance.
it appears that for short periods after new global fallout
occurs, there is an upward gradient of [allout concentrs-
Hons in the surfzce mawater as one goes westward from
the coast.

One ™Pu messurement of ses water from the
Scripps Pier was made in June 1971, A congentration of
0.16 2 0.04 dproy/ 100 Liters was found. This is nearly 2
factor of 1 higher than the value found in 1964, This is
alto in agreement with the higher Pu concentration

LANL
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TABLE OI

VARIATION OF py %% ond Y'Cs IN SURFACE SEA WATER WEST OF CALIFORNIA 1964
{Dats from Folsom et al.. 1966)°

Mides
From
Station Coast
Scrippy Pier
340N 116°30'W 0.2)
35°12'N 120°8TW 10
M4°16'N 120°03'W 30
33%a9'N 121°50'W 100
13°5O'N 126°35°'W 300
13°00'N 132°30'W 700
330N 133°00'W 720
30°N (40" W 1,100

observed in the saweed from Coronado Iiland, if, 21 we
belisve, the plionium concentrstion in the sa water il
increases sawardly as it did in 1964. Using this new value
of ™Pu concenwation for the coastal watet, the concen-
tration factor for the Southern Californis maweedi range
from 250 to 3500. These valuss fall within the data
obtained by Pillsi* and Noahkin ?

It is interesting to note that the highest concentra-
tion of ever found was in the North Atlantic
Sergassum as thown in Table IV, On the other hand, 5
Pacific species of Sargezsern was found to be one Of the
lowest concentrators oberved in the present study. It will

pCi/ 100 titers

m * 131&
0.04 - 1246
.11 87 i
0.11 50 9
0.14 19 27
D.15 37 59
0.30 57 66
0.26 - .
030 37 48

be noted in Table | that another brown algae, Zonariz,
wat the bighsst concenteator found in this study but high
concentrations ware found in red and green algae and also
in. the two marine grasses, This example further illustrates
how hard it it to generalize sbout the behavior of pluto-
nium in the marnine environmént.

Conctusion and Futuwre Work

The results obtained so far from this studv pose
mote questions than answers concerrung the interaction

TABLE IV

PLUTONTUM CONCENTRATION IN ATLANTIC MARINE ORGANISMS
(Condensed from date of Noshkin ot al, 1971)

Sarnple

Blue Mume! (Mytlus edulis)
Blue Mussel (Mytlus edulis}
Oyster (Ostres virginica)
Scallop (Pectem irradians)
Scallop (Pectem irradians)
Scallop (Pectem irradians)
Starfish (Asterias forbesi)
Kelp

Staghorn (Cadium fragile)
Chondrus crispus

Fucus vessaculosis
Ascophyllum nodisum
Sargasso Weed (Sarpassum 3p.)

00071149

ange,
Organ ﬂ!lﬂo kg wet
body 3697
shel] 89.98
body 19-3i
Adductor muscle 27
body 78-131
shell 15
hody 167-220
30
19
76
139
176-301
124-18, 500

g7
Q0130422 188
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*
of the environmentat plutonium and seaweeds. As indi
cated earlier. this s only a prelmunary stugy Dy which we
hoped to ruse userul questions.

We may conclude then. that all species of seaweads
cangentrate plutonium and that seaweeds may be o sensi
uve indicator for the detection of varauons of plutonium
conentration in the manne environment, also. further
work should be Jdong o corelate plutomum concerya-
tion berween sea waler and algae, and that 3 more com-
prehensive survey of the marine environment 15 needed.
By comparning sampies collected near the nuchear plant
with samples of the same species an other coastal collec-
tion swtes no evidence of anomalous Py way found aear
the plani. and definite evidence was found that *Co.
o and ''°MAg had been coming from the plant. By
comparing different species collected neat the nuclear
plant, the red algse. Gelidium and Comiling, and a surf
Fass, Phyllospadix. accumulate tugher concentrations of
cobalt and siver radionuclides than did the brown algae.
{1t is interesting to note that one speciey of sea hare,
Aplysia californica. that is believed to prefer red algae as
food also shows higher congentrations of *Co, *Co and
1Iem ag. Typical concenmations were: 2200, 180,
26G dpm/ikg wer sample respectively )

Besides whe accumulation of more data from analy-
sis, we believe certain conteolied experiments should be
set up to study the rate and mechanisms of piutonium
uptake by sea plants. 1t appears that mote experiments
similar to those done by Ward (1966)* are necesary o
establish quantitative relanonships. We hope to make
future contributions in this area.

98
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HIMNiION OF PLUTOMIUM-23% IN THE VICINITY
OF ROCKY FLATS

Neow York, N.Y

ABSTRACT
Continutus, high-volunw airborne pertiouiets mrpling hay Been main-
twined for over 3 yow, siow 1, snd downwing from, the Resicy Flsty plamt
Tha sermpier s in tha vieinity of the highest greund ssnetrrirstions of Py a4
determingd in 3 1590 Isveriary. Tie sonmnitptiom W worsgel sbout
2fCiim? of air smpied, 10 %0 100 times higher than the oxpasted Wwwis from

i
g
:
:
i
i
{
:

Introduction

Following the May 11, 1969 firs at the Rocky Flats
plutenium processing plant, and the publicity grenawd
by Dr. Marell’s demonstration of plsondumn in the 300
off the plant site.' the Heshth wnd Safrty Laboratory
(HASL) undertook & program 1o study the distribution
and inventory of {n the aren. This study was com-
pleted and published in August 19707 In summary, it
was found that the most Lksly source of the offsite
plutonium in the environment waa the barrels of con-
tamir 1 oil which had been mormd on the southeast
corne [ the piant proparty, and which were known to
have (eaked. The pettern of contemination on the ground
was genenlly compatibie with the gvprage wind vectors in
that region. The upper imit of the inwatory of offsite
I¥py, auributable to conumination from the plant wa:
found to be 5.8 curies. Figure 1, from the report by Krey
and Hardy? is 3 contou: repremntation of the ™Pu
distribution in the Rocky Flaty ares. The contoun are
lines of equal ®Pu depout in units of mCi/km? . 1t sems
clear from Fig. 1, that the highet leveis off the actual
plant ptoperty are predominanty to the sast and south-
east, with the kot spot a3 defined by the contours, just
adjacent to the area where the leaking drums had been
stored.

0001151

Stnoe the available evidence suggested that this off-
ste plutonium contamination was not a resuit of the fire,
and could be penenlly correlated with the average wind
patierna, it setine reasonabie to asume that resuspension
and trapsportstion by the wind was responsible for this
ground deposit. Hence, in mid-1970 we se1 out to cbtain
data on resuspengion of plutonium in the Rocky Fiarns
ares.

Sempling snd Analysis

We started with 2 single sampler placed as close as
postible to the area which we believe to be the sourze
This i3 the 50 called Ped, where the batrels had been
nored. The mmpler is a standard HASL surface-air pro.
g, Roots Connersville blower. Using 8-in.diam Micro.
sorban filter papwr, we routinely sampie continuously for
n week &2 an average Now rate of kbout 1 m? /mun. Figure
2 shows thw semple:r in 8 fypicsl ouvered housing on the
HASL roof. Ac first the fllters were composited into
monthly groups for analyss, then, starting in the [ate
wnmet of 1970, weekly sampler were anslyzed. All o!
the samples have been analyzed for both ¥/*Py and
Py, under contract with Teapelo Davision West. of
Ruchrond Califorma.

aq
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PLUTONIUM-238 CONTOURS, mCi/km? .u
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~

Fig. 1

Results and Discussion

Figure 3 illustrates all of the weekly data on Py
concentrations in the air near Rocky Flats, as a function
of time. The concenuztions vary over more than a fagtor
of ten, in the weekiy mmples, with a2 low of about 0.3 and
a high of over 6 [Ci/fm?. A smoothed version of the dats is
obtained by aversging over each month. as shown by the
dashed curve in Fig. 3. Hers, there appears (0 be 2
downward trend through the summer, increasing as the
sampies get into fall and winter. This is of course qualita-
tively correlatable with wind intensities at Rocky Flais,
and more will be said about this in a later section.

In Fig. &, the monthly Rocky Flats air concentza-
tions of ™Pu are compared with simular data from other

100
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sites in mid-latitudes of the Northern Hemisphere. Cleariy
the available results from Denver,” New York City.* and
Iapra, [taiy® are similar. All three exhibit the expected
sessonsl variation of worldwide fallout, comung down
from the springsummer peak, to 2 winter jow, The hugh-
est value at any of these three sites, in this period, was
about .13 (Ci/m®. The Rocky Flats results are quere
cbviously greater by more than a factor of ten. and a3
mentioned, indicate an almost opposite seasonal trend.
The rather obvious conclusion from these graphs. is that
the air near the Rocky Flats plant is definutely contamun:
ated, and that the concentrarions of plutonium at ths site
are 3 factor of ten or more higher than one would expe.:
from worldwide fallout.

LANL
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Fig. 2

Note that on the scale of fCi/m? of air, as shown on
the graph of Fig. 4, the maximum permissabie concentra-
ton {mpc) would be 60 units. This is the recommended
level wluble plutonium, with bons s the critical organ,
for nonoccupational exposare. So, on the sverage, this air
at the edge of and downwind of, the contarminated area, i
running between about 1 and 10% of the mpe.

Ancther method of showing the probabie source of

. W [ AL TN
1 e 3 e R
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the plutoryum in the air near Rocky Flats 15 by use ot the
ratic Py %Pu. As Dr, Huley pointed vutin his presen-
whion, there was a charactensuc 238/ 239 ratio i the
atmosphere from weapons tests prior to [963, this was
about 0.03, which 1 also the approximate -atio cof
waaporsgrade plutonium, However, when the SNAP.GA
power source burned up in the atmosphere, in 1964
snough additional ¥Pu was added to matersally increase
the ratic in surface air from 1966 on. The ratios i the
Northern Hemisphere were summarized i Dr, Harley's
Table TV showing a peak of about 0.5 in 1967 Table !
lists the most recent datz available from our surface air
sites, Denver® and [spra.! for comparison with the results
om Rocky Flats samples. 1 seems very clear. {rom these
valuss, that most of the plutoniam in the air at Rocky
Flata hag about ona third of the ratio of weapons-geade
phionium found in worldwide fallout. So, again the
svidence strongly suggests that for the most part. pluto-
nium in surface wir near the plant, is contamunation. that
the source in the pad area, just west of our sampier.
Additionally, the surface air in Denver appears to be
uncontaminated by plutonium from Rocky Flats, at leas:
to the degree of the sensitivity of this racio.

Perhaps the best evidence that resuspention is
playing a major part in the eievated plutonium levels in
the surface air near Rocky Flats, is the relationship of
these data to the winds. We have tried wo correlate the
conceniration results with the available wind data ob-
tained at Rocky Flaw, in numerous ways. The problem in
this sore of exercise, is that the shorzest period of our

—
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TABLE | sampling 15 one week, hence we hive to do 2 lot of
averaging of the wind daw. and thus may tend to ublite-

Lepy D%y [N SURFACE AIR rate or mask any correlation, We have tried corretating the

weekly plutonium concemtrations with such things 2s

{Mean values for the st hall of 1970) mean wind spesd, prak gusts. mean weekly gusts. number

of hours in the mmpling period that the wind exceeded

Moosones. Omtano 0.08 various speeds, etc. Qualitatively, most of these wind
New Yorx City 0.1l parameters indicate some correlation with the piutoaium
Steding. Virginia 0.10 in the air. For example, Fig. 5 &5 a piot ui concentration
Miami, Florida 0.08  data vi. mean wind speed, for the one week sampling
San Juan. Puerto Rico 0.08 periods. In this piot we hava diffsreniisted between sam-
Denver. Colorade 0.09 ples collected in the wumgmer (open circles) and autumn
lspra. ltaly 0.08 (solid circins). Hers, as noted on the Figure, there is 2
rather strong difference In the correlation between the

Rocky Flats, Colorado 0.03 surnmer and fail data. The linear correlstion coefficient,

{r) is only 0.18 for the summer months, indicating lictle if
any correlation, while the fall data (r=0.8) ae highly
correlated. This is not easy to explun, with the type of

16} . -
FIGURE 5
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sample and wing input available to us. It suggests to me,
that in summer, when the winds are lower and less vari-
able, the resutpension is probably more directly related 1o
short wrm meteorological varisbles, not as yet obvious to
us. in the fall, however, the good comeimiion between
wind and plutcnium concentrarion, svan on this hasis of
average weekly samples, seerms to be attributable to the
higher average wind speeds. We can almost recognize the
existence of a threshhold at approximately 8 mph: only
one of the summer ;amples averaged above 8, while af
but three of those taken in autumn were above §. Since
even the summet amples are mubstantislly sbow the
failout levels, it seems a3 though there may be two
mechanisme involved in the resuspension, one operating
below about & mph, and not obvicualy correlsted. xnd
another which resulty in good linesr correlstion, at mean
winds above about & mph.

For completeness, | fool | must mention remus
pension fectors. sithough | really question the uss{ulness
of this concept in context of the Rocky Fluiy situation.
Thest factors are derived by dividing the ground depouit,
into the air concenwrstion, with came in the choke of
units. For these types of ndicactivity
studies, we can use mCi/m” ower mCUmi® . But, implicit in
the use of thes factors in the amumption that the air
coneentrations obsarved are dertved or related to the soil
concentrstons. Since, in the area of our it sampling, the
gadients in soil concentration wers very steep, and we
did in fact find substantial penetration of plutonjum into
the soil, the simple use of the resuspension factors is of
doubrful value. At any rate, at the site of aur zir sampler,
using the soil dats reported in HASL-235? & remuspension
sctor of sbout 107 m™ was calculated. In another ex-
periment, which will not be comnpletsly discused here, we
pressed sticky paper to the soil surface, asmuming that the
fine particles which were retained might approximats the
readily resuspendable portion of the soi] and plutontum.
Using the resulis from this sample &3 the denominator, the
resuspension factor approached 10™. Both of thess values
are in the range of resuspension factors reported eathier
from both experimental and therostical considerations.

006711535

We have begun pudies on the parcicle size of the
airhorne particulate, neae the Rocky Flats plant. The size
of the plutomum particles and whether of not they ire
atiached to larger Aosr particles are cntical factors in
finally determimng whether or not this observed resus-
penuon is 1 potential hazard to man. The initial work has
been carried out under contruct with Trapelo/West Very
preliminary eesults sugmest that the equivelens dismerer of
the PuO; particles sveruged lost than 0.2 um. We believe.
at this time, that the plutonium is associated wath host
parucles of median dlarmeter about 10 um,

Our prssent plans are 10 continue the ur umpling
at Rocky Flats, expanding to a few additionai pumps, to
define the downwind pradient of plutonium in the air.
and to wtablinh some data in the northern and southern
directions. The stucdies of particle size of the resuspended
ptutonium will be continued snd refined as some new and
betier squipment becomes available.
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LOG-NORMAL ANALYZRIS OF DATA FOR PLUTONIUM IN THE OUTDOORS

Introduction

Since starting to deal with data shout plutonium in
the putdoors [ have lamented both the varlability of the
datz and the paucity of preciss conclusions that heve besn
offered concerning the distribution of plutosium, Of
course, part of that variability resils from the nature of
the dispersion. Not only must we v with that but it is
the very thing we must describe. One tool that so far
seerrn very powsrful in handiing pictonmum daty is prob.
ability paper. Todsy [ wish to explain the technique, o
demonstrate how it is applied to real data, and mont of
all, to show that the dats truly can support concise
conclusions.

Discussion

First, 1st's look at sorme sltamative ways of plotting
the data while vaing 2 statistical point of view, Any group
of dats will have an qvernge valus and & degree of varia.
tion. But we may have to warch a litthe 10 find the bext
way of quantifying both the avrsge and the vasiation,
This first slide shows four ways to describe the same data,
but the four are not equally useful. The graph in the
upper left represents the analytical dats for plutonium

60CT131

that we have 1o deal with. The data contain an ¢xcess of
large values over what 3 normal distribution would con-
@in. Actually, non-normal distributions for the analytical
vaiues should be axpectsd for trace materials anywhere
LiNCA ZeTO concentration 8 an impoestble boundary. Clear-
ly, when 1 onesigma of L two-kigms distance from the
sverngs value turm out to be 2 nefative concentration.
our point of view should receive some serious sdjustment.

If the dats ars truly homogeneous, then some
mathematical transformation exists for which the trans-
formed values wre distnbuted normally. Finding that
proper tzansforrmation is smential. The gaph it the lower
left (Fig. 1) corresponds to the data after 2 proper trans-
focmation has besr made. Thus trensformed, the data are
distributed normally and then (but only then) do owr
notions aboul sverapes and standard devistions became
approprism. Trylng to plot & Gaugsian bell-shaped curve
from empirical dath i expenaive since several tems 1o
hundreds of data are required for any kind of precision 1n
locating the sctua) position of the curve Howewer. by
adjusting the scales of our plots we can ge1 along with
fewer data. The graph in the lower right (Fig. ) invoives
cumuiative percent snd a few tens of data points will
define it nicely, although its curved shape leaves much
room for pntlermanly dimgresments about whether devia.
tions from & true sigmoid shape may be meaningiul.
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The graph on the upper right (Fig. 1) i the kind |
wish to focus on throughout the rest of this talk. [t s
derived from the lawer right gtaph by replacing the cumu-
lative percent axis with a probability scais. The probabil-
ity sale is one which i Linear in units of standard devis-
tion rather than in units of cumulstive percent.

There are fout very considersble advantages in using
this kin¢ of piot. First, the plot will be linear when the
transformation of the data does yisld a standard distribu-
tion. Second, the question of linearity may become
aniwersbie with as few as ten or twalve dats points (and
with twenty dala points one can scquire some teal confi-
dence). Third, the mean value for the data is given by the
zerosigma intercept. which lies in the middle of the arnay
of plotted points. Fourth, the sope of the amay is the
standard devistion. Primarily, this plot is a test for as-
sumptions we make aboul the daty. The Linesrity checks
whether we made good choices for the wansformation
and for the distribution type. If linesr. the plot gives
directly the 1wo most important statistical parameters,
mean value, snd standard devistion. Some convenient
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graph papers are available commercially which have 2
normal (Gaussian) probability scale along the honzontal
axis, the vertical axis is variously lincar or logarithmic.
Exotic (nonGawnan ) distributions at well as normal ones
art conceivable, and this technique applies 1o them ail
with equal validity. Our job is to find the combinatior of
distribwtion type and data transformation which yield a
straight line armay. Many seys of geochemical data have
besn found to yield linear plots when a logarithmic trans-
formation is combined with a Gaussian probability scale
and that s the combination [ will discuss hereafter. The
distribution it commonly called iog-normal.

Before we go further into log-normal plotting of
data, I want to introduce & sscond concept which also can
be amwered by graphical techniques. Multiple sources of
plutonium result in owriapping distribution patteros and
part of our job is to find the kmits of the overlap. Local
sources like Rocky Flas and Los Alamos are super-
imposed on the worid-wide fallout pattemn, but the
wortld-wide pattern 15 itself a composite. in order 1o
describe accurately the geographic limus of iocal
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contamnation, as well as to take inventory of the plute-
nium we need methods which can clearly distinguish
superimposed distributions. Graphical methods are pre.
ferred for this last wsk since describing the edges of
anomalous areas will involve subpctive decisions. Again,
probabulity plots are usaful. Let's look at an example.

The daia shown in Fig. 2, are from Health and
Safety Laboratory (HASL) Report 235, and invoive 33
soi] samples wken in the Denwer area. First, the dats are
arranged 1n rank order and a percentile is computed for
¢ach datum. When the plotting & complaie we see two
distinct legs and conclude either that the datz are not
distributed log-normally or that they are not a homo-
geneous collection. But we don't really expect the data to
be homogeneous anyway snce the remson the samples
were taken in the first place was to find out how much of
an effect Rocky Flats was having on the plutonium in-
ventory nesr Denver,

Erom the plot we e that the two legs intersect
near the value 3.0 mCi/km? . Using the 3.0 mCi/km’ value
@ a crirerion, the 33 datz can be mgregated into two

{unequal) sub-groups, each of which can be tested for
homogeruaty by replotting a$ two independent distribu.
tions. The linesr plots in Fig. 3 affirm both that the
iog-normal plot is appropriste and the the two groups are
homogeneous. From the straight lines we can esbmate
mean values and standard deviatons. Additionally. the
successful separation of the bulk data tells us that the
value 3.0 mCifkm? is 2 good boundsry contour for the
Rocky Fiats snomaly. Only » small portion of contamin-
ated samples would show a vajue that low and the back-
ground values have a fus chance of being that high.

An wnportant slement of this kind of data anelysis
is 10 treal the data & groups not s indinduals. Indeed,
any single amalytical value should be considered a5 with.
out meantng when by itself. All meaning comes from the
relationships among values. Thus, distributions ate the
primary objects to be described.

Making transformations of analyticai data is an un-
common peactice spperently, but it is both useful and
valid. For broady distribured groups of data such as the
higher content sub-group of the HASL data, and aiso
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others that | have studied, it can be shown that teating
the anajytical data as normally damidured is simply nat
valid. Therefore, conclusions based on aweraging the an-
aly tical values can be seriously in error.

Which transformation of the data is best can be
determined only by tial and error. Logicaily, we cannot
prove that any transformation is proper, but we can show
when a particuler vansformation is adequate, Similarly,
we zan show that making no transformation is sometimes
inadequate. Figure 4 shows the resuins from testing eight
se1s of plutonium data and one set of *Sr data for
distnbution type, arithmetic or ioganithmic. A W-test was
used to estimate the probability that the apumed dis-
tniburion is adequate. In ail cases the groups of data show
2 high probability of being log-normally distributed. In
haif of the sets the arithmetic-normal distribution also has
a high probability of being correct, but in the remaining
four cases 2 presumption of arithmetic-normal distribu-
ton 1is-not warranted. The presumption of iognormal
distribution is never a bad presumption and is never worse
than the presumption of arithmeticnormal. Often i1 5
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PROSABILITIES OF DISTRIBUTION TYPES

Duta M normal) PLog-normai)

Denver Fallout 0.09¢ 0.9}
Imdia ™St 0.74 0.90
Denver Background

{HASL ) .78 078
Sants Fe Background 0.17 0.73
Rocky Flau Anomaly

{HASL) 0.059 063
[alizn Pu 0.032 0.54
Rocky Flats Anomaly

(CCEI) 0.000001 0.45
Denver Air 0.46 0.3%

Fig. 4
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much better, so that in cases where we do not know what
disribuuon type aclually exists presuming & log-normal
distribution is a good steategy. When the data sre quite
variabie a (logarithmic) transformation is definitely neces.
sary.

When data are transformed we should be careful
about our interpretation of the term sverage. The mean
values ndicated by the 30% intercepts aze called
geomewicanean values. They correlare with the analy tical
values in that the geomewic mean i3 the antilog of the
arithmetic mean of the logarithms of the amalytical values.
Thus, we should take logarithms befors wking avernges.

For the case of Jognormal distributions, we also
should carefully examine our interpmtation of the stand-
ard deviation, The unit of sope in 2 logaormal plot
involves a logarithmic increment. Thus, the standard
deviation is 2 multiplier of the geometric-mean value, It is
not an incrernent of the analytical values.

One more mportant point concerms the slopes

(SLOPE)? = ¢? = g? +g? + o
Nois Sigral

Fig 5.
Components of standard devigtion,

10.0r

associated with log-normal plots. The slope i relared 1o
the components of variance a3 shown in Fig. 5. Since the
variances are additive, large variance in either sampling ot
anlysis may mask the variance of the data,

An example in which this probiem seems to exist s
from data reported by Colorado Commitiee for Enwiron-
mental Information (CCEI) (Fig. ). When plotted on
log-probability paper the dats yieid & single linear arvay of
high slope. The suingulanity of dope suggests that the data
ze homogeneous. But gsographically the data involve
areas 3t Rocky Figts which lie both inside and outside the
contaminaied arvs. Hence, the CCEl data should be ¢x-
pected to show two lege just as HASL data did,

Why does the CCE! dats not demonstrate 2 local
increment of plutonium” Plorting it together (Fig. 7) witk
the HASL data sugpmts that the varancss due to analy-
teal and sempling problems may have masked the funda-
mentl variances, The shallow samples of CCE] yielded
only 60% a much plutosium m did the HASL back-
gound mmples. The CCE] sandard devistion is more
than mine times s larpe as that for HASL background,
and sbout the semm ms the HASL sundard deviation for
the Rocky Flsts snomaly . It would seern that the vanance
msocisted with the CCE] damx is too large to resolve the
underlying variance of the background. Consequenily. the
datz fail to demonsuaste existence of 1 jocal source of
plutonium.
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To summarize, (Fig. 8) | have trwd to show how &
graphical technique can be used to uncramble and thus
help interpret data sbout plutonium in the outdoors.
Mot goups of data it [ogaomnal distributions batter
than arithmetic distributions. Additionally, when data are
plotted on log-probability paper one can deckie whather
the data come from a single distribution or from averlap-
ping distributions. A graphical method is praferred for

unscrambling dimributions which overlap.
2Upe Of the (HOTE I8 & K8Y Panuimer, DUl the Siope

can become 3o inflared that the analytcal values are
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useless. Sampling and sample-splitting, particularly, are
sources of variance More tmportant than anaiytical dif-
ficulties.

When a loganithmic transformation is appropriate,
the proper maan value of the data is a geometric mean
and the corrssponding standard deviation has the prop-
erty of baing a multiplier rather than an increment.

Although the data on plutonium in the outdouts
tend {0 range greatly, the data often can support nterpre-
tations that are more precise then many reported so far.
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SOME THOUGHTS ON PLUTONIUM IN 30ILS

The ttle of this peper took very cacaful negotia-
tiont with the sponsors of this sympesium. [ iont on only
ot point - [ wanted to imclude the wordz “Random
Thoughts” since this would have piven me compiete free-
dom to discus almost any subject. However, upon further
contideration, [ find the title w0 bs o litthe ermbarraming
sinos it is very broad and, at the sme thme, it tmplies that
[ might have soms worthwhils thoughts 1o conwy.

[ would like to direct ory remmmrks toward s few of
the factors which sem 10 be of mmportance in the resus
pension of materials on the grownd im order 10 permit
focusing oa the fypes of sxperimwatal data and environ-
menial measwements which ere sesded. This ia doubly
mpoctant for plutonium since the cument evidence indi-
cates that the other major meschaninem for intake, mich 23
ingestion of recoacentiaton throwgh the food chan, do
not play as vital a role with plutomiem a3 with many of
the other sotopes. Thus, inlmiscion has besn, and still
sems 10 be, thw mode of immke of importance when
conmidering plutoniam in the savirons.

Befnre discuming the normal concept of resuspen-
sion st 3 mechanism to produce geners! air concentrations
in a region, we should consider other implications of the
potantial for inhaletion. Thus, satry into an wes having
plutonium in the #0il can result in 2 tranafer of some of
the meterial to the body o clothing. Later movemnent or
removal of the clothing with subequert handling can
result in some of this material becoming airbome to
produce localized air conoentrations. Studies with

60011635

contaminated clothing have indicated that significant
wansfer can be sccounted for,' although the first step,
tranefor from the surfaces 10 the ciothing, has been pootly
ivestigated. Similar mechanimy can occur with other
obiects such as toolks, or even the family pet, which are
takbers imto the arex. While nol of primary concern in
dealing with the mfery of people, we must corsider the
possible intalos by grazing or burrowing animals since they
s moee clomiy tied 10 the sodf than man and could have
siguificant intake through this closs smociation. Present
evidence indicates that this is not a peoblem in trangmit.
tha pistotium to man because the uptake in ocigins
‘or food is small and the upteke from the Gl tract of
is also wmall so thet thest two factors provide a
srong discrnination against the ptutonium in soils. These
posmible intaks mechanims are subject to many of the
sume variables as thos tc be discussed in the resuspension
mechaniame and are mentionsd at this point 10 remind us
that we must comsider all possible sources of inhalation
and not comcenitrate sxchustvely on the ingle mechanism
as 1 shall do theough tw renminder of this paper.
Resugponsion and the peneral air concentration re-
sujting therefrom are very complicatad phenomena which
will vary widely upon the nawure of the con.
weunant (sch L particie sias), the characteristics of the
sirface or the il involved, the terrain and vegetative
cover, and the particular meteorciogical conditions at any
time. Most studies of this procem with radioactive mate-
rials have umd 2 wmplifying concept of a resuspension

13
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tactor in expressing the results. Ths factor is the ratio of
the air concentration at @ given location to the quanuty
of material per umit zrea on the ground at that location
and has been measured under conditions of normai wind
actions as well as with added mechanical disturbance.
While this concept can be useful in defined circumstances,
it gives dinile nsight into the nature of the processes
involved so that it s difficult to apply this knowledge to
other areas or forms of contaminani. For exampie, it does
not account for the size of the srea or the possible
eustence of more highly contaminsted areas upwind.
Estimates of the dispersion and deposition characteristics
of matenial from a uniform source emutting to the aimas
phere indicate that significant concentrations of respizabie
size particles can originste from miles awsy . The rosuspen-
sion factor does not account for dispersion by the atmos-
phere or for changes in the rate of resuspsnuion with, for
example, wind speed or chanpes 1n stmospheric slability.

A different, and somewhat mote complex, approsch
is to consider the mechanism of resuspension mparately
from those of deposition and dispersion in the stmos-
phere. In this way sach point of the wea can be con.
sidered as 3 source of airborne matsrial and the concentra-
tion at any point downwind can be calculeted by use of
the correiations derived from stmospheric dispersion and
deposition studies and by inwgrstion ower the area of
deposition. Similarly, the magnitude of the pickup rawe
(or fraction resuspended per unit time) can be studied by
measuring the concentration downwind from a source on
the ground under various conditions of natural or artifi-
cial disturbance.

This approach is certainly not as simple as that of
the resuspension factor, but by carrying out the measare-
ments in such a way a5 to gain information on the
characteristics of the source, ths metscrological condi-
twns and the airbome concentrations, one can account
for many of the variables sndé from thess make an esti-
mate of the resusperwion concentrations which will occur
for different areas in which the size, diswibution of
material and particle size may differ. 1t must aleo be
admitted that, at the present time. there seems to be little
guantitative data in the literarure which would permit the
making of retiable estimates under any condition. Fur-
ther, there are procemss which operats over relatively
smali areas, such a3 the wmall whirlwinds frequently en-
countered in desert country, which could provide a
separate source of resuspension which would not be
adequately covered by a more general large ares study.

The work of the soil acientists, particularly
Bagnold® and Chepil™” have given consdenable insight
nto the mechanisms of movement by winds, particularty
under conditions of gross movement such s occurs at
high wind speeds over dwsert sands or piowed felds. Their
observation of a threshold wlocity of the wind speed for
this type of movement s widely recognized as is their
demonstration of the stability of flne powdaers of uniform
particle size even under relatively high wind speeds. How-
ever, it is not clear that these ohservations are complistely

114
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applcable 1o the probiem of concern here, where reis-
tively low concentritions moving as suspended matenals
are of intersst. For example, some observations have been
made of air concentrations of zine sulphide particles
downwind from 2 single source on the ground at wind
speeds a5 low as 1.3 mysec.® At least we should design our
expeniments and meagurements 10 indwcate the vaidity of
such concepts.

The quastion of the behaviour with ume of the
deposited materiel hat many practical aspects but few
answets. For exsmple. aggregation of the deposited paru-
cles with sou particles will resuit in differences in behav-
jour depending upon the soil particle sizes, degres !
natural aggregation and the stability of rthe aggregaie
under the disturbances expected. We cannot expect 2
permanent fixation on soil perticles since Chepil has
noted that there is a continuous production of small
particles, at least in agricuturai soils, under the influsnce
of sromtve forces, but the net effect of such aggregation
may well decreass the overall susceptibility of onginally
fine particles to movement into the atmosphere. The
gradual movement of the deposited materal mnto the soil
profile by washing or alternate freezing and thawing will
decreas the surface hyers which are most subject 10
disturbance. Seasonal vanations in vegetative cover, mois-
ture gad ever in meteorologlcal conditions will affect the
pomtbility of resuspension.

One can visualize, for this putpose. two limiting
conditions. The first corresponds to a fresh deposiz where
the material is sxposed on the surface of the ground and
other sufaces with 2 particle size distribution character-
istic of the deposited material and independent of the size
distribution of the soil particies. Under these conditions.
the deponited material is readily avzilabie and can be
described in tertns of the quantity per unit area. In the
scond limiting condition, the deposited material has
weathered and become intimaiely associated with, a1
lonst, the top isysrs of the soil profile pechaps even to the
extent of having simiiar offective particle sizes through
the procesmes of aggregstion, srosion, etc. Here, anly the
top layes is subject to resuspension, with the definition of
the wp layer dependent on the degree of mechanical
disturbance or, pethaps, the wind speed under natural
conditions. [n this cass the amoun: resuspended is closely
related to the naturaj dust from the surface and the
concentration in the soil would seem w0 be of mos:
interss:. Following 1 deporition we would expect a ransi-
ton period from the flest kmiting condition 1o the second
over a paricd of time along with spreading over a larger
wrea due primarily 10 the proceses of surface creep and
saltation in barren areas but abo to redeposition of smal-
ler particies in vegetatad regions. The time required for
this transition is indeterminate and probably depends
upon the characterittics of the individual area. Some
measursments have been made in arid regions which (ndi-
cate that the initisl sir concentrations decrease with 1
haiflife of about one to two months, however, it 1s nct
clear that these correlations are not parizlly assocuated
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with other factors such 3¢ sasonai variztions in wind
directicn, velocities of swabiities. At the moment, it
appears likely that ¢ decteams in the rssuzpention will
occur 2s a deposit ages but data do not seem adequate to
characterize the rate of decrsess or the time to attain 2
final. ressonably stesdy state, particularly when differ-
ences in sals, terrain, vegetation, etc. from ond region 10
another are considered.

The above consderations aleo bear on the question
of how we should massure and report the dats. Thate 2
much historical precedent for the quantity per unit ares.
such as #Cifm? and this senw appropriawe for the mitial
pericd following deposition. Howewr, when we mmple
the soily for analysig, the tesalt is measired in concentrs-
tion units such as pCi/p. Evic Fowier and his sodls com-
mittee a1 the Nevads Test Siwe have suggeend & standardi-
zation of wininology whereby the resilts are reported a1
quantity per unit area with a specification of tas depth of
the proflie sampled and, if powsible, s specification of the
soi] dentity. From thess data it is posaible o comvert from
one to another. For purpoms of considering resuspesaion
we are primarily interested in the 3op lsyer containing the
conuminant and subjact to dimturbence. For practical
reasons of smpling, it appears difficult to consider & laye:
less than sbout one cenzmeter. If we could, again, stand-
ardize on some such thicknem, that the results would be
mesningful in most camt and the decreass with time 21
the material penetrates into the sofl could de consdered
in the studies of rate of resuspension. Whils on the subject
of units, | would like to make a personal ples for some
consstency in methods of reporting. We see air concentra-
tiom reported in pCi/ce, ICm*, sCUm’, otc. Whike 1
teglize that this is convenient for the author becsum of
the lack of an exponent, 1 haw comsidetabie difficulty in
making the nscermty comversions to compars with other
papert or with the standards, snd | suspect that s few
erTors creep into the concusom of other people from
such mental conversions. It wouid, thersfore, wem worth-
while to consider reporting our resuslts in the smme units a3
the standards,

There is one other comsiderstion in the measure-
ment of soily 23 connacled to resuspengion which [ would
tike to mention. This & the fact Gt the procemes in-
volved tend to uverage the pickup from o relatively wide
area. Thus, the real need in describing the ground depos-
tion is net s point-to-pomi mmphing but, rather, avenaging
over 3 significsnt area. This, of cours, will affect the
ampling strategy although | am cerainly not prepared 1o
fully define optimum area of sampie size.

0007167

Finally, we have considered a few of the difficulties
of relating air concenteations to soil concentrations. There
are many more including the problem of soil drifting due
10 eddies, redeposition on a hard srface, and defining the
characteristics of an sctusl source. While | beliewe that
furthet studies of resuspension mechanisms we necessary
to furthet define and control potential prablems, { also
questicn whether the quantity of material deposited s a
usful parameter for comtrol purposes. n view of the
many varisbles involwd in the resuspension process, i
would mem that dirsct mepsurements of air concentra-
tioms would provide more direct and usefu] information
than an squivelent amount of effort on soil meassrement
followed by exirapolation with many variables to au
conceniyations.
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