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P/ eny Juoe 13, 1966 @/

201 All Members of the lesd Health and Safety Committee
Re: Propceal from lsctopes, Inc.

Baving received a favoradle respcnse from you regarding the Prelixicary
Proposal prepared dy Jsotopes, Inc., & group of us et vith thes to 4is-
cuss the formulation of 8 detallsd proposal. PRepresentatives from the
Rthyl Corporstion and &y Pont, 83 well ss from the American Petrolsum
Ianstitute, responded to xy invitation to mset and spent & most intereste
ing day st the Isotopes, Ioc, office. All of those presect were sost
inpressed vith our discussion.

As you may ses from the sttacted proposal the meesuremsnt techniques and
facilities that this potestisl contrmctor has sdould provide the basts

for Seveloning inveluadle {nforwation adout the results cf msodern usse of
1sed cn cur enviraoowcot asd the salmal life oo tals plaoet. Sioce it seems
10 us thet a great mazy unfounied allegaticns of lead ocntanioation ere
Deing given credence 1a guvermment, medical and pudlic taformatico circles,
wve believe 1t $s Lmperutive that our industry obtain the facts. Jor
inatance, ve believe that much of the lsed foxd ia our eavirconect end
the bumas dOdy 18 of patural origin end stould oot dbe ascrided to come
teaioatico by mes, DNt 80 far we bave teen uDadle %0 docuneat our Delief.

Plesse stuty this propossl carefully and be presared o vote co provision
of funls 1n We near future. I will Ve able t0 send %0 you & dallot oo @
specific anonmt of motey ahortly, 68 soca 48 ] Rave received from the

Anaricen Petroleum Institute an Llndicstica of thelir fioancial joterest ia
thts study.
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&

Yery truly yours,

D 27 «Paula_.

fxa 0. Povler
Iorise
attarhmeud

FB2 MAD'GON AVENUS. NEW YORL, B ¥V ONN?
TELAR=ONE 79 8080 (4RSS TUDE V89
CABLE ADQRESS NYLEAD NEW YORW
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argusent the controversy resains unrcsolved. The purpose of this proposal fs to

Isotopes, Inc. 1-1

THE USL OF LLAD ISOTOPE COMPOSITION AS AN ENVIROKMENTAL TRACER

1. INTRODUCTION

A recent report by Patterson concluded froa basic material balance
and ‘mheﬂulleomldorottom thet man as an industrisl animal has severely
contaminated his environpent and is suffering lcad fnsult one hundred times
grester than that present during his biological evolution. The report further '
concluded that this level of insult, because {t was sustained ira pcx;lod too --
short for evolutionary adjustaent, is & danger to the well-being of & large !
portion of our population. Such widespread emvironmental contamination wus :
regarded as particularly serfous because it s cumilative and cannot de casily m
reduced should a critical level be reached. ’

The above conclusions are {n contradiction to & considersble array
of scientific opinion that has developed from extensive work in lcad toxicology |-
and pharrecology. In general, the most proainent workers have concluded: 1) ~
that prisftive san suffered lcad insult no less than one-half that presently
experienced by industrial sen, 2) that there is 8 well-defined threshold value
of lead frsult .NXO\' shich man can exist irdefinitely without harm, and 3) thet
the present "normal” body burden (as pessured by tha lcad content of blocd) of
about one~third the threshold value allows an edequate rargin of ){!vty.

Patterson’s approach to evaluating the isplicetivns of l:od con~
taafnation in man's environment was largely tehoreticsl, and becasuse there 18

not sufficient empirical evidence avaflable to elther confirm or refute his

outline 8 sescarch progran fur the developacnt and application of modern mass

spectrvactric and radiolsvtope sralysis techniques in order to identify the
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uoux;é“ of lead in man's environment, to compire the present environment with
environments of the past and to elucidate the mechanisms by which lesd may become
svailadble for bfological assiallation. By establishing the feasibility of using
the {sotopic character of lead a8 an cnvironmental tracer it {s hoped that the
relative irportance of various possible sources of available lead can be established
and that a better understanding of the mechanisms of lead transfer vill pernit

pore econoaical slterstion of the environaent if required.
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, 11.  TLCHNICAL DISCUSSION
The Ceochemiatry of Lead and the Lovireoocntal Health of Man

Lead occurs in nature as & dispersed element in varfous geological

environsents and, in addition, is commonly found highly concentrated in the

forn of ore deposits. Lead {3 well known for fts toxicity, but as a dispersed
element it is unlikely to be harmful because it 1s present only n very low
concentrations to which man has adapted during the course of his biologicel
evolution. When lead is encountered in high concentration, howver, it can be
harmful and man must avoid environments characterized by high lead concentrstions
siether such environaents be natural or a product of fndustrial coutamination.

Tigure 1. shows some of the routes by which 10ed ray becosme svaflable
to oun from the prisiry sourced in bedroch and afnes.

Bedruck brevks dowvn to form soil. During the process, swse of the
lead of the parent rock reeatnas in the sofl and svee (s dissolved in ground-
weter viich may eventually enter Into streazs. Part of the lead results fros
the radicactive decay of radon gas. 1It, thercfore, nay be cxpected to have o
very different distribution frva dissolved 1cad fnasmuch 83 pert of it escepes
tntvo the atoosphere and later returns as ratural fallout §n rain.

Like seversl trace elewments lcad bft‘(;ﬂfl corcentrated {n the organiec
naterisl vhich forme coal. Thus wvhen toal §s mined and burned Jead may become
avaflable to man by @ direct trunafurration of the bedrock, That this reay bc
& potent source of tead Is {ndicated Ly reoulte of the "Tri City Lead Stud,™ which

frdicated such higher stmuspheric lead curcentretions fn the winter tn Chicago

than could be attriluted to autuentile satauats, lacking 3 pusitive means of

1dentifying lead from different pources the author of this stidy could only
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llotopel, Inc.

speculate that the lead originated in coal fly ash. Because geologic processes
- leading to the forsation of cosl are very different from those leading to hydro~
thersal o;" deposits, fdentification of lead from these different sources by fso~
topic characterization may be pouit;h. . .
Most of the lead in men's present environment coscs froa mines.
It enters the environsent as various {ndustrial products ranging froa storage
batteries to insecticides and locad alkyls in gasolines. If all of the
lead in th?u varfous products were in fact available to man there wuld no
doudt be great cause for concern. However, such of the lead in lead products
enters the environment in inert forms. It s known for cxarple, that much of the
lead fros automobile exhausts {s found in relatively large particles shich fall
out rapidly end becore part of tfn soil. As long as food 18 {eported froa country
aress the level of lced in roadside soils {s not likely to be an {mportant en
vironaental health factor.
On the other hand, materfal in the sulwmicron range may stay in the air
for extended perlods, be bresthed (n and have 8 high probability of adsorption
fn the body. Thus there may be svailadle and norasvallable fractions of the
e raterfal. 1In general, lead which persists (n the strosphere for sone tise,
or finds fts ey into soil and weter {s most likely to be available to plants and
to sen. P
Mot all lend shich {s avatlable for entry into man {s Darmful because
It ray enter {n & fore vhich {8 absorbed with low efficiency. This laad, a)-
though avatlable to psan In & sense, 18 not avatlable for entry into Isportant
t_aio_ln;iul processes. By {sotopic charscterization of l1cad {n blological sanples
ft may Lo posalble to (dentify the sources of lead btoh;;lully avallable to

wan. for exarple, if the lead (ngested from plant material s largely unabsorbed
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Isotopes, Inc. 11-4

and s c-nninated in the feces it msy be isotopically distinct from sirborne
lﬁd shich is absorbed through the lungs and shows up in the urine or fa sccua-
ulated in the bones or teeth.

The use of lcad {sotopic characterization is a means of {dentifying
the geochemical and biochemical psthsmys followed by lesd to and through
san, depends on the existence of natural {sotopic varfations. The extent to
vhich useful isotopic distinctions exist and the principles shich explain

their origin are discussed in the following section.

The Qrigin of Isotepic Var{stions in Iead |

Yaristions in {sotopic abundances occur widely {n nature and in
general stea frea two distinet mechanisne.

The first concerns the therrudynanical properties of {sotopic con
pounds in chexical, physfochemical or blocheaical process. Since the reaction
kinetics are mass dependent, a lighter isotope will react rore favorably than
8 heavier one in the saze rcaction. The differences are nore sarked {n the
lighter elements, in particular {n hydrogen, carton, aitrogen and oxygen, the
bdlological tissve building elemoms.

The secnnd source of fsotopic abundance varfation occurs where an
existing fsotope 13 mized with 8 daughter product of a radiocactive decay series.
Fotassiun-40, for instance, decays to argomr+40 and changes the aryon 36133140
retio with tine. Of particular interest to the present diacussion ts the
contribution to the world's lead lnvenitory by the decay of the unatable
elonents uraniua atd tharium.

Common tead 18 fourd to comprise a afature of fuur stable {rotopes,

Y
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P-204, P-206, Pb-207, snd Pb-208. There are alsc as many as sixteen different
radjosctive lead 1sotopes known, but the principal one pertinent to this dis-
cuulén 1s P>-210, also known as Radiua D.

Lead-204 13 not koown to have been forsed by any natural decay or any
other nuclear resction. It, thus, constitutes 8 measure of the orfginal lead wvhich
was formed when the eleawnts were formed, sosetines known 8s primeval lead.

r_h. isotopic ratio of (ommon lead mined today results from the addition to prizeval
lead of radfogenic lead, Pb-206, PH-207, and Pb-208, forced frum the decay

of uranium and thorium. Figure (2), (3), and (4) show the decay schemes for the
three radiosctive familfes resulting in the stable Isotopes of lead. The half
lives of the parents, U-20, U-23%, and Th-232, being the longest in cach series,
determine the ultizate rates od fulldup of the radfogenic fsotopes. 1In the canrth's
crust as 8 vhole, Pb-206 and Fo-208 are being produced at about the same rate at
the present tise, while Fo-207 is belng produced at & much slower rete buecause

of the low abundance of U-235. In carly goological time, howwver, when U-23$ wes
puch rore sbdundent, F-207 was being formed sore repidly than Fo-206.

The differences in the {sotopic ratios of comun lcad ore may be,
therefore, attridutsble to the sanner of the addition of the radiogenic lead to
the primevel lead.

1. The ores sy have been scparated from their sources at!é}ﬂ‘uent
timce. Recently separeted ores con bo eapected to contain greater quantities of
radfogenic Jead than orve separated carlfer.

2. The abundence of cach radloactive parent sny have leon varfable,

3. The intoreediate davghter mxclides proceding lead In the three

devay scheses ray Mave boon differcntly diapersed privr to beconing Jead,
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R D The foregoing csuses may becume combined, in u\y‘ proportion, to
moke nev ore bodies in a variety of geological processes. ,
A  The extstence of these fsotopic abundance ratios has been widely used
to determine the history of lead ore deposits, mostly galenas, and such has
been published discussing the pou*blc interpretation of the considerable nuxber
of measurements in the literature. 1t {s, howcvar, the fact, and the
characteristics of, these varfations in sajor industrial lesd ore areas that
are pcnuw'ﬂt to the present discussion. One of the prime objsctives of the
proposed study is to differentiate in man and his environment between lead
derived from local natural sources and that from distent areas via industrial
sources and pathways. To achieve this, It wust first be deronstrated that the
1sotopic ratfos of 2ead in local soils and groundwaters can be distinguished
from lead derived from the major industrial arees. This would sppear to be
clearly possible in certain azeas. In others the rerge from the separate
sources may overlap such that definftive results are ispossible. It is the
primary purpose of the {nitial frvestigation under this project to define the
extent to wvhich the idemtification of specific sources lo-youlblc in the
present Qxbca scene. 7

An additional parareter hich rey prove to bo a valuable tool to
cbarmérlu lead in ren and his envirorment is the specific activity of the
rodicactive M~210, Leads associated with little residual U-238, such a¢
{ndustrial leod, wuld contain little f1-210. Soils and groundwaters on the
other hand ahould contatin constderable quantities doeived from the U-238 §n the
weathered badrock. This could be a waeful inllcator of shoether or not the

lcad 1n plants s s0ld or stroaphere derfved,
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Batural Vaxdations of Lead Isotope Composition

" As a result of the factors discussed sbove, significant variation in
1cad {sotope abundances are observed in lead sources from different geocheafcal
backgrounds. Table 1 shows a selected list of lead samples from various mining
districts to esphasfze the great range in composition. Also given s the velue
for "priceval” lesd as derived from a uranjun-free metallic meteorites The
lead in the manganese ncdule fros the ocean floor prodbadbly represents the
aversge cosposition of scluble ledd that entered the Pacific Ocean over the
past fov hundred years. In edch geographical area the geology of the surface
will determine the lead fsotope composition in the drinking wster and in Iood
gromn in the uqu. The lsotopic variations {n soils over the world will vary ss
widely as that {n sexples of lead listed in Tadle I.

The indfcated experimental error shows that the naturel varistions are
large compared with the snalytical capadility. Sowe mines or mining districts
have rather unifora fsotopic composition. Lxasples are Broken Hill, Coeur
d’Alene and Bolmat. On the other hand, wide variations are observed in the
Mississippl Valley type ores such as those of Southeast Missouri District and the
Tri-State District in western Missouri. Xevertheless, the sversge 1004 isotope
corposition from these areas {8 reasonadly uniform when integrated over weeks
of nining.

Varistions in the Isotopic cosposition of leed produced by'the lend
alkyl menufacturers would relate to the orfginal sources of lead {n the pool,
changes {n the ratios of these sources ard the setlod of sarehouafng the raw
raterial, Sceme cotisate of these varfations can be sade from the records of
procuresent and harlling, but better values can probably be obtained by analyses

of production on s periodic basis.
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- | Vlu‘th‘c New York City area, for exarple, an initial survey should
incio'dno.it)l:x'ci;‘wtopic composition of lead ins drinking weter, average diet
{perhaps from routine A.E.C. s sarples), lead {n gasoline (sample major
depots), lead in Consolidated Edison coal, snd average lead in city atr. It
would sppear from Table I that identification of these scurces in the human
10“ burden may be feasidle. - . - ; .
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I | TABLE 1

1sotopic Composftion of Selected List of lead Samples

R 206 :szoc

w207/, 204 pb208 /0,204
p Caron Disblo (meteorite) 9.5 10,3 29.4
80, Africa (Rosetta Mine) 12.6 4.1 32.8
) l North West Terr, (Con Mine) 14,1 15,1 33,9
' Cobalt, Ontarfo 14.9 18.3 34.8
E Broken Hill, N, SW. 16.2 18.6 35.9
; Coeur d'Alens, Idaho 16.8 18,6 36,8
; B (sulliven Mive, B.C.) :
l Balmat, X.Y, 16,9 18,6 36.9
; frankiin, N.J. 17.4 18.7 37,7
: a Montana 18,1 1.6 3.8
(Boulder Batholith Minea)
o @ Cerro de Pasco, Poru 15.8 15,7 39,0
] Mascot, Tenn, 19,6 1.4 39,7
-4 E $.C. Missouri (Av,) 20,8 16.9 9.9
ﬂ l Tri State (Joplin) (Av,) 72.2 16,1 41,9
Hirganese Nodule 18,9 18,7 3,7
i ' (Ocean Floor)
1 . Lxperinental Lrror + .08 s ,08 + 0,1
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A 111, SCOPE OF WORK

_ V Tﬁo }fopoud study of the use of lead fsotopic composition as u
environsmtal tracer will be carried out in thres phases. Fhese I will be
concerned with the development and evaluation of analytical techniques. In
Thase I the feasibility of using isotopic cosposition to characterize the

-lead in primary sources, environmental sedia, and in man will be established,

and the use of tree rings as mlecenvironzental {ndicators will be investigated.
Phase 111 will extend the techniques and principles established in previous
phases to seversl different geographical locations in order to prove the gener
ality of their applicetion
Buase 1. Anz2lytical Technigue Developaent and Ivaluation

The unique aspect of tho proposcd approach to the study of environ-
mental lead {s the use of stable ond radicective fsotopes to characterize the
l1cad from varfous environoental sources. Althourh mxch experience has been
gained, (%o a large extent by lsotopes, Inc. personnel) in seasuring lead
1sotope ratios, in measuring low concentration of lead by fsctope dilution, and
in peasurirg lov levels of R~210 radivactivity, the probless associated with
the vitre-microsnalysis required for envirormentsl sazples must be approached
with care and thoroughness not cotmonly exercised In rovtine tresce analysis.
The first six ronths of swork, Phase 1, will, therefore, be concerned with
construction of & lead-free laburstory, pruduction snd testing of lead-free
reagents, fropnn!loﬂ of standards, and establishing the linits of detection of

tholnthoedu used .

Tho précision and sccuracy wbtatiable for Wth the abundance amd fevtople

ncasurcsents will de delined. Intercalibration will be conducted botween the lesd

abundance eeasurcaenta done st lavtopes, Inc. by the {sotope dilutlion-mass spec
troseter methid and those done by laluraturies using the dithlzone-colorinetrie

technigue.

im0
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Wﬁwn for measurenent of Pb-210 in low level samples will be
establisked and evalusted and the use of P-210 for yield deternination In
cha.lcd”eot’xcmmuon procedures will be developed with particular regard to the
sample matrices. -

Study of typical environmental samples will be done to check the
procedures. Isotopic analysis of lead alloys from tetrasthyl-lesd sanuface
turers will be undertaken to establish the rarnge of isotopic variadility to
be expected in Il}d«l gasolines.

Throughout Phase 1 a continuing effort will be devoted to 'ctvdytn;
the problea of environsental lead (n broad perspective and toserd the end of
this time attention will be dirccted tosard design of critical mxperinents
to be perforsed in Phase !i.

Pase 1. Feasibility Stidy of Isotopic Charscterszation of Lesd in Primery
Sources, Lovirerental Modia, apd in Man

Tollowing the thorough develyj=ent and waluation of ledd fsotope

scasurenent techniques for environsental sasples in Phase 1, pilot studies
w¥111 be conducted t‘o test the feasibility of using fsotopic characterfzation as
a peans of distinguishing various sources of environmental lead. As & result
of experisental design studies urdertaken in Fhase I, at lcast two areos in the
Xew York City arce will be chosen for emvirormental sanpling.

An sttespt will be mode to identify and characterise priN;ry sources of
lead such as bedrock and soils, cosl and fly-ash, lead alkyls in p;l!m. and
tobacco, Bachgrourd fnformetion on the sa~ples analysed will be studied in
order to urderstand the origin of the fsutoplc onaposition shserved.

In goneral the lead In primary sources fs ot avitladle to man., It
sust first enter Into ervironmental pedta such a9 alr, water, dnd food plants

to becong a blological conteninant of man., The sources of erwirvraental leoad

© e




S e S e B e e s

Isotopes, Inc. 111-8

svsilable to man will, therefore, be sampled and cozpsred with the primery
sources in the sane ares to dctcmﬁu which primary sources are responsidle
for the svailable environoental lesd. 4

A third sspect of the pilot studies vill fnclude isotopic charace
terization of human samples including bone, teeth, blocd, and urine to
determine the relation between available envirnnsental lead and that actually
found in aan hinself. In boththe selection of sasple type and procuresent
of sanples of h@n material guidance and cooperation will be sought fros

To place the results of the environzental sazpling prograa in historical
perspective it is {mportant to estadlish the feasibility of using tree rirgs,

soil profiles, anrd sediscntary layers as records of changing levels of environ-

Lo

pental lead. lead {sotope studies of tree rings are particularly isportant

becsuse relatively high 1ead concentration in outer tree rirgs has dem vaed
y £4

as prics faclie evidence of severe ervironeental comtanination. The validity ‘ E

P

of these cenclusions cannot be accepted unless {t can be shown that the lead In

e

the tones of high concentration is isctopically different froo the lead in the

bedrock and s0fl and the sasc as that {n the stsosphere. Our measurements will

be copable of establishing these important relationships.

1t {» anticipated that correlative envirormental studies will be

2 cde

urdonay during the tise pericd of Phase 11, Lxcharge of ln{omth;orvltb

these progranss and fsotopic analyels of significent sanples will enhance the

valu® of the shole rescarch project. Becasse the dsotopic tracer technique may : o

be rrpecially valuable in investigations of lead -nboil_p in blojogical systems

I experts In lead biochenistry and toxicology.

close attention xil) be given to the developeont of cuvpsritive revearch pm;nﬁ.




S _Once the analytical methods for lead isotopic characterization and
the feasidbility of their application are well established, study of different
geographical locations will be undertaken, Aroas with different geology,

peteorclogy and industrial sctivity will be studied using the New York City

pilot studies as models. _
During this pﬁu continued and increased participation ard cocopers-

tion with other groups and agencies {s anticipsted. The specific scope of work

to be undertaken in Fhase 111 cannot be defined at this time because

it {s strongly dependent on the results of the fcasibility study in Phase. 1l

and the extent and nature of the coorelative study prograss of other pviipo.
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IV. EFFORT AND COST

1sotopes, Inc. regards the proposed progras as a basic research

‘effort which will roquinvtho vtilization of uniquely qualified personnel.

The prograa sust 8150 have sone expensive and special facilities at its

dispossl. lsotopes, Inc. vlu provido both of thu nquin.tntl wvithin the

basic cost of the projoct ochnthto.

The project scientists will have olf!ccvnpico, clean chemical

1aboratory with spectal hoods, solid source mass spectrometer, caission
spectrograph, electron-diffraction and electron micrograph at their disposal.
They will have 81l necessary secretarial, drafting and technical support. ln ’

the technical ares this will include electronic support, data processirg,

sachine shop effort and chemical technician labor. The basic costs alse

fnclude the continuitg advisory support of Dra. Kulp, Willls, Friend and Bate

83 descrided adove.
m work 1. divided lnto three phases, edch of six months duration.

funding may !bcnfon be done in #ix, twelve or sighteen month increcents. 1t

1s understood that querterly technicsl reviews snd aix monthe technical reports

will be part of lsotopes, Inc. comitment. Turther, {t (s ogreed that since

the custamer i primarily buyirg "s level of effort” that the scope of work

vay be modified 83 & resuit of the Quarterly Reviews. Particularly, i 1o

expectod thet redeflinition and elaburation of the scope of work for Fhases 11

and 111 will oceur prior to the initistinn of Fhave 1.

In Frase | no direct charges are tavolved ovcept travel and subs

sistence sreming tve trips to the Midueet. In Flase 11, an sllowarce s

nade for additional travel fnvolved In local seapling. In Prase 114, 4t s
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- 'Isotopes, Inc.

»

. N .

"’th!cipatod }'&bq‘t there will be some incressed travel and 8 requirement for

‘some speclsl sampling gear. In all cases the direct charg
e of 10%.

sctusl plus an adainistrative chs

T A A L Tt Sy S g oo e <

a will be billed as




Phase 1" - July 1, 1966 - December 31, 1966 (six months) . ‘- .

B Pro oct Cost e
- Technical Effort Rate per Mont 8upport . Total
Scientist-Project Director (6 mos.) #5020, ' T $30,480
Associste Sclentist (5 mos. 3720, ' 18,600
Cheniet (3 mos.) L2200, 7 ‘ : 6,600
‘ : e o 85,680
Direct Charges S o
Travel and Subsistence S T ComEeE L
2 ‘l‘r(pn to Mid West, total 8 dcyl Est. §00
Totsl $56,180
Phase 11 - January 1, 1967 - June 30, 1967 (six sonths)
T ' Project Cost
Technical Effort Nate per Month Incl. All Support Total
Scient ist-Project Director (6 mos.) 8080, 30,480
Associate Sclentiat (b r.oa.) . “3ne. . 22,30
Chemist (6 mos.) 2200, ' 13,200
’ ©6,000
Direct Charges . . ' : .
Travel ond Subsisténce Est. 1,000
' Total $67,000
Phase 111 = July 1, 19¢7.- Decomber 31, 1967 (eix months)
Protect Cost -
Technical fffort Rate per Month Incl. All $upsort . Tota}
Scientist-Froject Director (4 mos.) 8020, 30,480
Assiclate Sclentist (6 woe. ano. 22,320
Chemist (6 mon,) 2300, 13,200
Flald Sasples (4 poe.) 2200, B, 300
74,800
.ELL._C.I."_LL’.‘..
Travel snd Subsistence . Lst. 2,000
Special h-p\-_nq Coar 8,000
' ’ Totsl $83,000
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PROJECT PERSONNEL

'n'u froﬁond anslytical sathods nn&cb project will be conducted
by a ipocul project group established within the technical orgsnization.

Or. Donald F. Schuts will serve as the Project Director snd principcl
investigator. Dr. Schutz {a 8 geochenist on the Research Departoent staff and
is c\u'nntly. r'q'»nubla for the Nuclear Operations Section of that Department.
He {» highly qualified to direct the proposed lead hotoé!c anklysis research

by virtue of his extensive experience in the development of a variety of snalytical

nethods for determining trace element concentrations in seawater. As Project
Director, Dr. Schutz will be responsidle for the scientific direction and -na.;o-
ment aspects of the rescarch studies. lo this position he will report to

Dr. C. [. Crouthamel, Director of Research of lsotopes, Inc.

Seversl senior acientists In hrotupes, Inc. who have unique backgrounds
from vhich to contribute to this progras will advise Dr. Schutz fn the direction
of this pro}o&t. ‘n’;u lnclud;x Dr. J. laurence Xulp who has directed sajor
research pto‘nu in lead fsotope geochemistry, adss spectrometric develogmeant,
w;l&vld« rediosctive fallout and the scovement of stiontium-90 in the husan food
chain} Dr. Jases P. rri.nd, s phystcal chemist with 'v-l.t:c'mlvc 6?p'rum in the
field of stnoapheric sercsols and particle studies; Dr. Ceorge L. Bat:o who hae
conducted numerous resssrch studien Involving hc;opic lead eci.nmn;:- and
lead goochronometry; and Dr. Lric M. Yillls vbo Is énpﬂiém&dln rosearch work
based on AN spectrometer moasurements of atable fsotepe ratios and low level
radfological determirations of carbon-14 and other radioisctopes.

Mr. Roland Keologrivow, boad of the Stable lectopes Analysis Bection

of the Sclent{fic Services Departacnt, will serve an the physical aralyst for

b
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thh projoct. He will be primarily responsible for the performance of mass

spo_cgrmt fc amlyn- and the development of suitable nev analysis ttchniquu.

- Drs J. Harfon Wampler of the Ceorgia Institute of Technology l'.lrth

Scuncn Dopcmcut, who has done significant work in fsotopic analysis of lud

in very low concentratior, will participate in the prograa in'the sumser of

1966 and will continue as an advisor in analytical techniques.
One qualified technicisn will be assigned to the project group to
8s38ist in sample preparation and snalysis and to perform {nitisl data reduction

calculations.

Detailed resumes of the professional qualifications and cxporhu;o of
the scientists cssigned to the proposed project group are included at the end of
this section. Publication lists are also ircluded and have been snnotated with
asterisks (eee) to Indicate those papers which are especially relevant to the

lead isotope analysis studies.

B T et B
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RESUME

CIORCE L. BATE, Ph. D,

Scientist

Dr. Bate serves on the Rasearch Steff st lsotopes, Inc. ss o
spocialist in nuclear physics., As Associste Project Director of Project
PINOCCHIO, he has over-sll scientific and adeinlstrative responsibility

for the coordinstion of the rescarch studtes for the project and partici-
pates in specific phascs of the research when necessary. Project studies

are [(n the arcas of nuclear paraccters, geology, meteorology, gas snalysis
techniques, and local air anslyscs. He {s also conducting thecreticsl
studies of the potential usefulness of radionuclides formed by fast neutroa
spallation reactions and heavy particle reactions which accompany the detons-
tion of nuclear devices in various geologic acdis. Dr. Bate previously
directed » project to estadlish and evaluate octhods for the detectioa of
ultra-low-level radiocactive gaseous effluents frum nuclesr operstions. He
has additional rosponsidilities on the Patents, Rediation Safety, and
Technical Studies Coomittces of the coepany.

Before coaing to lsotopes, Inc. in 1905, Dr. Bate uughi advanced
physics courscs as 8 Professor of Fhysics st Wheaton College and was respon-
sidle for the installation of a radiolsotope laboratury there. ’

Frut 1986 to 1948 Dr. Rate serwd a3 8 part-tie~ Research Consultant

and Assoclate st the Argonne National Ladoratory. His work there pruduced

the first definitive assay of thorfua {n both stone and fron seteorites and
104 to further definition of the abundances of certaln other clevents {n
cosaic and terrestrial sources. Later rescarch pernitted further developoent
of sodels of muclear fission by evaluation of excitation functions and angular
distribution of frag=ents of nuclear fission Induced by charged particle bow-
b‘m'- .

As a Rescarch Assistant at the Lavont Ceological Otservatory of -
Coluabia University from 1751 to 1984, Dr, Bate performed rescarch which led
to & deternination of the age of the earth.

Dr. Rate received o H.A. {0 Phystcs from Princeton University (n
1748 and an N.9. (n Phyeics froa the Californta Institute of Technolegy fn
1946, He was owarded @ Fh. D. in Sulear Coophysics frim Colimhia Unfversity
tn 1948, Or, Rate fo & =eater of Pht Pota Kappe and Stgea Xi, Mo halds
genberahips §n the Aserican Xacoclation of Physics Teachers, the Aserican
Araoviation for the Advancezent of Science, and the Ceachenical Suctiaty,
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PUBLICATIONS

' ‘@E ,gpmp;g m,f ey

S ees g L. KXulp, G, ‘l.. Bate, W. U. Ault and N, W, !‘edy, "Lead and Sulfur Isotopic
~ Abundances {n Mississippl Valley Calenss”, Bull, Gtol. Soc, Aa. 67, 123-124,
January 1956

*9¢ J. Laursnce Xulp, Ceorge L. Rate and Bruno J. Cilett{, "Nax Age Determinstioas
by the Lead Mothud™, Proc. Ceol. Assoc. Can, 7, 15-24, May 195§

see 1, laurence Kulp, Ceorge L, Bate and ¥allace S. Broeker, "Presunt Status of
the Lead Nethod of Age Doterninstion”, Aa. Jour. Sclence, 252, 345-36S,
June 1954 .

Coorge L. Bate, J. R, Hulzenga and lierbert A, Potratz, "Thorfua Content of
Stone Meteorites™, Sclence 126, 612-613, Septesber 27, 1987

s+* G, L. Bate, D. S. Niller, and J. L. Kulp, "Isotopic Analysis of Tetramethyl
Lead”, Analytical Chea. 29, 84-48, January 1987

Ceorge L. Bate and J. R, Hulzenga, "Abundances of Rutheniue, Osius and
Uranitus in Sooe Cosalc and Terreatrial Sources™, Ceochiaica vt Cosmochinica
Acta 27, 345-360, April 1963

G. L. Bate, H. A, Potratz and J. R. MHulrengs, "Scandius, Chromiva and [uroplum
in Stone Mrteorites by Sleultaneous Neutroa Activation Analysis™, Ceochisics
et Cosnochiaica Acts 18, 101-107, 1760

C. L. Bste, H. A. Potratsz and J. R. Huizenga, "Thuriua (n lroa Meteoritest
A Preliainary lnvestigation”, Ceochizica et Cosmochizfca Acts 14, 118-12%,
1088 .

c. L. ﬁate. Ji R Ruiunu am!'". A. Potrataz, "Thoriua {n Stune Meteorites
by Xeutron Activation Analysis®™, Ceochimica #t Coseochlaica Acta 16, 88-100,
19%9

toorge L. Rate, R, Chavdhry and J. R, Mulzrngs, “Tlesion Fragment Angulsr
Diatribut {ons and Cross Sections for Deyteron-lnduced Flesion™, FPhys. Rev,
131, 732-134, July 13, 1%

Crorge L, Bate and J. R, Hularrga, "Tlasfon and Reaction Cross Sections ;.(n
the Urantus Reginn with 4« to 13- MV Protons™, Phys. Pev. 133, B 1471-1470,
March 23, 194

J. E. Cimdler, €. L. Mate and J. R, Wilrengs, "Tiaslon hfp-n! Angular
Distritutinna (n Chargrd-Pasticlo-Induced Fisston of Ra'™" %, h:yn. Rev, 136, B
1331-1344, Decesber 7, 1764
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PUBLICATIONS

LA

" CARL £. CROUTHAMEL

C. 'I:. Cmuihﬁnl. Editor, "Regenerative Calvanic Systems™, Monograph in Aa.
Chea. 8oc. Advances in Cheafstry Serles, 1966 (in press)

C. l:.- Crouthasel, D. C. Stupegia, C. M. Stevens and P. Kafalas, "Capture-to-
Fission Ratfos of U233, U238 and W29 {n CBR-1, Mark 111V, Nucl. Sci. Eng.
21, 179-185, February 1963

€. L. Crouthamel and D. C. Stupezia, Review of "Technique of Inorganic Chesistry”,
Nuclesr Chea. 2, X. F. Johnson et al., Nucl. Scf. Eng. 19, 258, June 1964

€. L. Crouthame), Editor, “Progress in Nuclear Wm”. Series X, Anal. Ches.
111, Parts $-7, 1903

C. E. Crouthasel, [ditor, "Progress in Nuclear Inergy™, Scries 1X, Anal. Chea.
111, Part 4, 1963

C. L. Crouthaael, Editor, "Progress in Nuclear Energy™, Series IX, Anal., Chen.
111, Parts 1-3, 1962

€. Catrousis, R. Heinrich, and C.L. Crouthsar}, "Recent Advances {n Counting
Techniquea™, Chapt. 1 of "Prugresa in Nuclear Liergy™, Series 1X, Ansl. Chew.
11, 1951

€. L. Crosthaael, Editor, "Progress (n Muclear Lnergy™, Series IX, Aual. Chea.
11, 409 pp., 190} )

€. E. Crouthasel, Ldftor, "Applied Camsa-Ray Spectruewtry”, Intemat’l. Series
of Monographs 11, 440 pp., 1960

i i A b A b T N 720 085 S i Vi

¢c. L. Cnmih.wl; "Intrinsic Variables”, Chapt. 1 of "Applied Camna-Ray Spec-
troestry”, Intemat’l. Series of Monographs, 1-24, 1960 '

W. Managan and C. L. Crouthamel, "Uxtrinsic Variables”, Chapt. 11 of "Applied
Camma-Ray Spectrometry”, Intemat’l. Series of Munographs, 25-93, 1960

€. L. Crouthamcl, "Callbration of the Detectors™, Chapt. 111 of “Applied
Comna-Ray Sprctrometry™, Intemat’l. Series of Munographs, 94-109, 1560

€. Catrwuails and C. £, Crouthanel, "Specific Agpllmt!ml”. Chapt, I¢-of
"Applicd Camsa-Ray Spectrmetry”™, Intemat’l, Seriea of Monogrepba, 110-158, 1960

C. L. Ceouthanel, K. Heinrich and C. Catrousis, "The Quantitative Determination 3
of Flanlon and duclear Reaction Pruducta™, Talanta }' (‘), 6407, 195A R

C. E. Cruuthane) and L. Turk, “Determination of Pile Constants by Chewical ;
Methods”, Reactor Operational Probleea 2, 1924178, 1987 3

C. L. Crmthamo} and L, Turk, "Determination of Nuclear Reactor Conatanta by
€lamatcal Methun!a®, Peavoful Lace of Atumte Energyt Pre. Intemat'l, Ganf,, Ceneva, 1988

CCLE Cruuthasel and B Diehl, "Caa Aalysls Apparatus fepluytng the Voloefty of
‘Swind™, A.al., Chem. 20, 515, June 1748
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o Carl L. Crouthomel, Ph. D.

Director of Research

As the Director of the Resesrch Departoent at Isotopes, Inc.,
DPr. Crouthasel directs the contract and in-house rescarch sctivities of the
corpany. His staff includes experts In 8 variety of scientific disciplines
fncluding nuclear and radiocheaistry, geocheaintry, geology, oceanography,
biochealstry and nuclear physics.

Dr. Crouthavel was caployed at the Argonne Xational laboratory as
a Senfor Chemist fron 1950 to 1965. Me initially developed arthods for the
analysis of rractor fuel and was responsible for the organization and super-
visfon of the radiocheaical prugras In the Chemical Engincering Division.
For twelve yeors he vas the Croup Leader of the Reactur Chenistry Croup, with
responaibilivy fur the deteraination of rvactor materfals cross sections,
developarnt of activation acthods associated wvith fast broeder reactors, and
developaent and application of such sophisticated counting techniques a3 gas
pruportional, scintillation, and solid state spectirvecters. He §s well-known
for his ploncering work on the developarnt and spplication of sodive fodide-
thalliua activatrd scintillation spectnearterrs and sulti-channel analyzer
systeas,

During the paet five yrars he has bren prisur{ly eogaged in studies
of fused salt-liquid ectal systras and their application to the direct con-
versioa of heat to electricity., These activities fncluivd estensive basic
research in fused salt and intersctallic systess with particular emphasis
on the solubility of the lithiua Falides ond sulius halfdes in low-dielectric
cusalent sulvents “such as fused 1ithiun bydride and ankydruus acetic acid.
tn addition ke .bas imestigated the thermadynasic priperties of biartallic
syatens, fuuw!_ult binary and termary systess, ard aixed {ntrroetallic fused
salt systems. Hs 8180 designed an Inert lellun atsorphore buxr as @ basic
rescarch unit which has been widely cvps'd and reproduced at Argonne as well
as many other leboratories.

Dr. Crmthaw]l received a B.3, In Chealatry and Mathenatics In 1942
froe Lastem Xagarvie College ard his M.A. In Analytical Chealstry {n 1943
frio Boston Unlversity. Doctoral reararch was dune at liwa State Unlversity
and be obtatoed bis Fh.D. tn Inorganic Chemistry in 1750, He has Léen author
of sore than 42 papers in hin fielde of Insestigation and has edited and
conteitated subelanitally to four booke, Dr. Crimtlamel ta o meaber of the

“Anerican Clumical Soetrty, the Aserican Suelear Soviety, the Rescarch Soclety

of Aswrica, the Noew York Acadeay of $cheiie, ard the Aaerican Asscviation for
the Avarveacnt of Scire.
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PP RO ‘ Senfor Sclentist - . L

S e JAMES P. FRIEND, Ph. D.

Dr. Friend is 8 physical chemfstry specialist on the Research
Department staff and alao acts as the Senlor Scientific Advisor for the -
Department. He {s presently conducting detection probability studies and ) (32
field experizents under Project PINOCCHIO for the VELA On- Site Ilnspection Eity
Progras. He {s 8ls0 engaged in resecsrch in the field of atmospheric
chemistry. This vork includes studiecs of the composition and charscteris~
tics of stratospheric acrosols and the relationship of radfoactivity to
particulate matter in tha atmosphere. 1n sddition, Dr. Irienc fa directing
8 study of the eechanisms of transport fn the stratospbere and deposition
on the ground of radiosctive fallout.

» Dr. Friend served as Director of Project STAR DUST for lsotopes,
Inc. 1In this capacity he coordinated the efforts of mcteorologists, inter-
pretive scientists and analysts. Under the High Altitude Saapling Progras,
be studied fluid flow (n air sampling devices and worked on the calidration
of the Wi-2 saspling ducts.

Other experionce at Isotopes, Inc. has Included studies of the
physical and chemical projerties of enviroimental particulate materials
ane acrosoly, eatalbilshing jprucedures for sanpiing of particulate zatter
in the atmospbere ard In sollaj and preparstion of procedures for plutonium
analyses and interpretation of these atalyses. Me wvas also co-author of the
ALC report "Study of the Ceneral Feasibility of Radioisotopes Methods in the
Natural Cas .Industry™. He has superviased the analytical efforts in the gas
counting laboratory where carbon-14, hydrogen-3, radiue-326 and radon measure-
ments are nade. .

Prior to his raplojment at laotopes,Inc., Dr. Friend was esployed
28 a Thysical Cheelnt at the Ferkin-Llmer Corporation where be perforved
ges chrometographic investigations.

During his nnlu‘ry service, Dr. Friend wvas assigned to the Army
Chenical Conter where him vork involved the develojment of infrared fnstru-
sentation and the detection of chenical warfare l;cnu {n the ataosphete.

Dr. Friend received both hia M.A. (1983) and Fh. D. (17%6) in
Fhysical Cheatetry fria Colimbia Untversity., Riax thesis subject wvas sfcro-
wave apectroscopy. Me recsived 8 B8, In Chenialry from Maraachusstte
Inatitute of Technolowy and 1n 8 Beadtor of the folluwirg profceaional
sociotiest Amertcan Fhysical Soclety, Anerican Awscciation fur the Advances
sent of Sclence, ard Sigea X4,
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PUBLICATIONS

JAMES P, TRIEND

R. G. Lerncr, B. P. Dafley and J. P. friend, "mcrmvo Spectrua and Structure
of Tormic Acid™, J. Chea. Phys. 28, 630, 1937

J. P. Friend and B. P. Dailey, ™icrowave Studies of the Structure of Cyclopropyl
Derivatives®, J. Chem. Phys. 29, 857, 1053

J. P. Iriend, C. R. Barnett and B. L. Critides, "Study of the Cencral Fessibility
of Radioisotopes Methods in the Natursl Cas Industry”, U. 8. Atomic Energy
Coemission Report XYO-2753, 1960

J. P. Triend, "The Behavior of Nuclear Dedris from the Upper Atmpheu Rocket
Detonatiors as Determined in the High Altitude Sanpling Program”, Proceedings
of the Upper Atmsosphere Sampling Symposiue, Pnrt !, J. D. Shreve, Jr., Ld._
SCR-420, 1961 ) ,

Te

J. P. Friend, H. ¥. Fecly, et. al., "The High A'x'u'nje. Saspling Progras®, Voluses

1-3, J. F. Iriend, Lditor, U. S. Department of Defense Report DASA-1300, 1961

Co-suthored nine quarterly progress reports in Project STAR DUST, U. S. Departsent
of Delcise Reporte DASA 1371-1377, 19¢1 - 1904

He W. Feely and J. P. Triend, "Evidence on Stratospheric Circulation from Measure-
wents of Radiudctive Bomb Dedris Injected sdove 20 XKa®, paper presented at X111
Ceneral Aonably;_&!mc, Berkeley, Californis, 1963

J. P. Friend, "Studieve of Nuclear Dedris in Precipitation”, ALC-NYO 241812,
Kovesder 1964

Jo P. Friend and D.M.C. Thomes, "The Determination of the Particle Size Distrides
tion of the Particulate Material Collected during the Double Tracks and Clean
Siate [ Lvents of Operation RGLLIR COASTIR™, ASRE Report 0-20/63, 1943

b. Davidson, J. P. Friend and N. Seits, "™Susmarical Models of Diffusion and Rain-
out of Stratospheric Radicactive Materisals”, Tellus 1966 (In Press)™

Jo P. Triend, “Troperties of the Stratospheric Asrosol”, Tellus 1966 (In Press)




ROLAND KOLOGRIVOV, B.S.

Senfor Associate Scientist

Mr. Kologrivov has had six years experience in mess spec-
trosetry particulsriyrelated to the {sotope dilutfon measurement of
rubidium, strontius, potassiva, argon, uraniua, thorium and lesd.

At lsotopes, Inc. he has supervised the installatfon.-of the Reynolds
type nass spectrometer used for gas measurements and the Shields type
(CEC-21-703) instrusent used for solid source messurements. He
designed and supervised the construction of the high vacuua fusioa
systen used to prepare samples and calibrate the feotopic tracers used
in the fsotope dilution ecthod. These systeas utilize the most recent
developennts fn the state-of-the-art of ultrs high vacuua techniques
oriented to geochexical age detorminations. His present work includes
supervision of the wass spectromrtry laboratories.

¥r. Xologrivev was provicuily esployed at the Lasoat Ceclogi-
cal Observatory of Coluebia University where he wae in charge of the
potassiva-argon dating laburatory. These analytical techniques also
utilized h gh sensitivity pas sass spectnwertry and ultra Righ vacuum
techniques. Other work at Coluabla Unlversity included low level
dotection of radtus {n husan bone and developmentsl work oa low level
nuclear d-utcﬂon and counting techniques.

Nr. tologrivov received 8 8.8, in Chenistry from City College
of %ew Yori and {3 a oraber of the Merican Vacuue Society, the New
York Acsdeay of Sclences, the Arrican Nuclear Soclety, lnd the Anerican
Assoclation for the Advancesent of Science.
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PUBLICATIONS

R. KOLOGRIVOV

A. Walton, R. Kologrivov and J. L. Kulp, "The Concentration and Distribution
of Radiun in the Normsl Husan Skeleton”, Health Physice 1, 409-416, 1959

J. L. Kulp, R. Kologrivev, J. Haller and L. Koch, "K-AR Ages on Rocks from
Castern Creenland”, Kature 194, 953-958, 1962

J. L. Xulp, R. Kologrivov, J. Haller and L. Koch, "Turther lsotopic Age
Measurewents 00 Rocks froa North-Lastern Creenland”, Nature 196, 160, 1962

J. L. Kulp, R. Xologrivev, J. Eagels and E. J. Catanzaro, "Age of the Tordal,
Norway Pegrotite - A Carrectioa”, Ceochim. ot Cosmochin, Acta 27, 847-343, 1963

J. L. Kulp, R. Kologrivov and W, W, Hasdleton, "K-Ar Age Measurcments oa the
Kansas Bascoent™, Byll, G.S.A., 1963
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RESUME

J, LAURINCE KULP, Ph,D,

Pres{dent

Dr, Xulp has directed a wide variety of research projects in the
general arcas of geochemistry and radiochemistry, These have included
varfous aspects of the disscalnatfon of radiocactive debris into the geosphere
and biosphere. Major projects have been Projects HASP and STAR DUST (world-
wide radioactive fallout (n the Amo.phu-rc), bicgrochemintry of Sr?0 and
Cs137, povement of buab-produced C14 in the atmosphere, blosphere and oceans,
mathematicsl model for the prediction of fission pmducu in post-attack diets,
decontsaination of aircraft frva fissfon debris, plutonium hazards from non-
nuclear accidental destruction of devices and Project Vels Cloud Cap,

Ceochronology has aleo been 8 focus of study, Investigations have
been mide on the developnent of the swthod of radiocarbon dating and Its
application to archeulogical and geological prodlens in such diverse arcas
as the constancy of cosatc ray flux, the origin of petroleua and the developaent
of the human culture in South America, The K-Ar, Rb-Sr and U-PY nethods of
dating rocks have been developed fn Dr, Xulp's ladoratory and spplied to
nuanerous geological probleas, 1In 1967 8 definitive geological tine scale was
predouced,

Other fundasenial i{nmvstigations have been in the field of isotope
gmc‘xmlnry as applied tu the origln of the Misstiasippt Yalley lrad ores, of
the porphiry Conter e of the S—":?."ws." of w1l Joze sulfur dcponh., the
uraniun drpoclu of the Colorade Flatrau and the age of the guid vres of
Lead, S.D. Studles utiliszirg lesd and strontium f{swtope variations have
hel;wd shed light'on certain prodlems of the evolution of the cuntinents and
occan basins,

tn spoce sclexe, Dr, Kulp bas been concerned vith the geologie
mapping of the poon by garma spoctroestry, the age of scteorites, the probable
sources of miter oh the lu-ar surface and the rediation boc)r.gr«mnd to be
erpccted in cls-lunar spoce,

From 947 uwetil 19¢%, Dr, Kulp s on the faculty of Coluabla
Unisrrsity, 23 Professor of Gewbreistry, [ros 1984 until 1955 ha was Director
of the Ceochemistry latoratory at the laznt “eologlcal Gbservatory,. He is
presently apsociated with Colahis as an Adjunct Profeesor, MHe Lae acrved 89
8 corsultant to irdualrial firns, allitary groups, and other Governsent
agencieca, t,0, Leso $tacdard 041, )hu-)«: Dil, Keanecolt Copjer, .ulf lrarlrch
ared Developeent | Rand Cooparatiaong, U.8,AT,, Am/ Ordrance Corps, U, 8,A.1,C,,
frdecal Coveriment of ¥rat C‘-rhwy.

Dr. Kulp was & founding Director of leotipea, Toe, aid 2ezved (n 8
conaulting capacity ae Sentar Setentiflv Advianr until Preembor, 1964 whon he
bevsae Prealdent of the rompaty, Mo e 4 pesber of fellow of the following
asctent1fle moy fetienl Amcrican themtval Soctety, Ancrican fhysical Saclety,
Cealegival Soctety of Aacrlra, Geaheatial Soviety, Minrpralogical Society nf
Aseriva, Asa cation of Petroleia wenlogiate, Arerloan Geophysical Unton,
Soclety of Sigae X1, Aarrican Aseriation for the Advancement of Sclence,
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PUBLICATIONS

J, L, xuLp

J.L. Kulp, *Origin of the Hydroaphere®, Geol, Soc, Amer. Bull, 62,
326-329, 1951

J.L. Xulp and D,R, Carr, "Surface Area of Decp-sod Sediments™, Jour,
Ceol, 00, 148-159, 1952

J.L. Xulp, H, Yolchok, M.D, Holland and D,B, Ericson, "Thick Source
Alpha Activity of Some North Atlantic Cores®, Jour, Mar, Res, 11,
19-28, 1982

D.R, Carr and J.L. Kulp, "Age of a Mid-Atlantic Ridge Basalt Boulder”,
Ceol, Soc, Amer, Bull, 64, 253-254, 1953

J.L. Xulp, "Carbon-14 Mcasurrecnts on Ceologic Sumples™, Atomics 4, 1983

J.L, Kulp, "Climatic Charge and Padlofsotopic Dating™, Proc. Am, Acad,
Arts and Sci,, Symposiun on Climatic Change, Climatic Chinge, edt, by
Harlow Shapcley, Chap, 1o, 201-208, 1953

J.L. Xulp snd H.L, Volchuk, “Constancy of Comic-Ray Flux Over the Past
30,000 Years”, fhys, Rev, 20, T13-714, 1983

M0, H.lland and J L. Xulp, "Transpurt and Depasition of Uranium, lonfus
and Radium in Rivers, Ocesn and Ovren Scdizent s, Ceochinica et Conmchinica
Acta %, 197.213, ]o%4

H.D, Kolland and J, L, dulp, “ihe Mechaniwa of Removal «{ lunia snd
Radium fruva the Oveans™, frochinics et Comochinica Acta 5, 214.244, 1984

AN, Crosse, A.D. Kirshentwum, J.L, Kulp and ¥, 8, Broecker, “The
Xatural Tritiw Content of Atanspheric Mydrogen®, Phys, Rev, 33, 250, 19%4

C.L. Bate and J.L, Xulp, "lutopie Composition of Coswon Lead fros
S5, Africe™, Sci, 122, 970.771, 1948

D.R, Carr and J.L, Kulp, "Vee of 2’7 to Deternine Argon Behavior in
Vacwas Systems™, Rev, of $ci, Instr, 26, 379-381, 1953

D.R, Carr, P.E. Dumun, M. 3, Broecker and J, L, Xulp, "?»uvulm.;ar(on
Age Wethod?, Proc, of Sub,-Cem, un NSuclrar Ceophiynice Conf, at Fenn
State, Septenber 1788

DI, Cilettd arsd S L, Xulp, “Raton Leakage froa Radinactive Minwrals®,
An, Mineral, 40, 48146, 1908

J.L, Kulp, “lestople Daticg arad the Coologle Time Scale®, Cool, Sor, Aver,,
$pee, Paper 02, U1.6)9, 6 flge,, 1938
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J.L. XULP, (Publications, Page 2)

K.X, Turekian and J,L, Kulp, “Ceochemiatry of Strontiun®”, Ceochimica et
Cosmochimice Acta 10, 245-296, 1986

D.B, Ericson, W.8, Broecker, J.L, Xulp and C, Wollin, “late Plefstocene
Climatcs and Deep-sea Scdiments™, Sci, 124, 385-389, 1956

K.X, Turckian and J,L, Kulp, ®The Strontfus Content of Human Bones”,
Sei, 124, 405-407, 1956

W.8, Broecker and J.L, Kulp, “The Radiocarbon Method of Age Determinstion,
Asericen Antiquity 22, 1-11 1936

D.R, Carr and J.L. Kulp, "Potassfum-argon Method of Ceochronometry”, Bull,
Geol, Soc, Azer, 683, 763-784, 1987

C.l. Bate, D.S. Miller and J,L, Kulp, "Isotopic Analysis of Tetramethy-
leaa®, Aralyticsl Chem, 20, 84, 1957

X.X. Turekian, P.W, Cast and J,L, Kulp, "Lajssion Spectrographic Method
for the Determination of Strontius {n Silicate Materials®, Spectrochim, Acta

9, 40, 1987

¥.5. Broecker and J.L, Kulp, "lamont Radiocarbon Measuresents IV, Scf,
126, 1324-134, 1997

P.C. Danon and J L, Kulp, "Incrt Cases and the Evolution of the Atmosphere”,
Ceochirica ot Commochiziva Acta 13, 3#7-297, 1974

B.J, Giletti, J.L. Kulp and T, Pazan, "Crochienlistry of Trit{uw®, Trans,
Ancr, Geophys, Unfon 32, 307.818, 1988

B.J. Cilettt and J.1, Kulp, "Iritium Trecer in Arctic Froblens”, Sci. 129
901-903, 1989 -

A. Walton, R, Kologrivov and 1,0, Kulp, "The Concemtration and Distribution
of hdh- in the dorrel Hhawn Skrlrlmf' Health Fhysfcs 1, 407416, 1989

AR, Schulert, L, Wodes, L. Leahoff and J.L. Kulp,*Se 0 Distribution tn
tho Husan Skeletnn™, Health Physics 7, 62-68, 17397

J.L, Kulp, J.C, Cobb, L., Lorg end 0,8, Miller, “Crolnglcal Tine $cale”,
Xature 134, DA, 62-BA, 63, 1989

J. L, Kulp, "The Lenlugical Tine Scale®, preesrted at Internatl,ral Ceol,
Congrens In Copeadhagen, Auguat 1760

J.L, Kulp and J.L, Dick, "Radiatton Rasard from Contaninated Alrceaft®,
Jour, of Jealth Physice, 1960
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J, L. XULP, (Publicatfons, Page 3)

J.L. Kulp, "Radionuclides in Man from Nuclear Tests®, Agrlc. and Food
Chem, 9, 122, 1961

J.L. Xulp, “Ceologic Tise Scale”, Scif, 133, 1105-1114, 1961

J.L. Kulp, A.R. Schulert, [,J, Hodges, L.C, Arderson and W.H, langham,
»$r?0 and Cs137 {n North American Milk*, Scf, 133, 1768-1770, 1961

J.L. Xulp, "Prediction of the Srw
Fallout Conference, U.S. Atoaic Lnergy Cormission, Novesber 1961

J.L. Kulp and J, Engels, "Discordances in K-Ar and Rb-Sr Isotopic Ages™,
Radicactive Dating, Intern, Atoelc Energy Agency, 219-238, 1963

Concentration in the World Population”,
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DONALD F. SCHUTZ, FPh. D.
Scientist

Dr. Schutz is & penber of the sclentific staff in the Research Department
at Isotopes, Inc. In this position he provides extensive experfcnce and capabilfty
to the research staff in the fierlds of geochemistry and oceanography. He has
recently been assigned as Manager of the Nuclear Operations Section of the Resesrch
Dejartzent 'to excrcise over-all technical and sdainistrative responsibility for
projects involvirg rescarch and developaent of nuclear test detect fon and on-site
{nspection teckniques. Dr. Schutz s uniGuely qualified for this coordinating
responsibility because of his previous experience 38 the Director of Project
PIKOCCHIO where be supervised the developrent of radiological techniques for the
detection of clandestine nuclear weapons tests. He also drings a velusble geo-
logtcal and oceanographic background to this posftion which requires 8 broad know-
ledge of envirorcentsl factors and their {rfluence on nucledr operations projects.
Mis earlier work at lsotopes, Inc. Included the developrent of feproved techniques
for extracting fnert gases from air ss=ples, and the evaluation of {nternal gas
proportfordl counting sethods for radtocetric 4ssay of separated gases. In
sddition to his laboratory studies on these problezs, Dr. Schutz also participated
in and directed field operations in connectfon with several contract rescarch

prograss.

telore conlig lo lsutopcs, Inc., Dr. Schutz was a Rescarch Staff
Ceulugist in the Dvjart=ent of Ceology At Yale Laiversity. His work thero was
pricarily concerned with tre de.clijzent Of anslytical teclniques for the detcr-
ainations of trace elexents in sesvater by reutron activation and X-ray fluores-
cence analysis. 1In a study of the gouchemical proble=s of marine trace element
economy and distribution, these tcthods were applicd to 8 vorldwide sanpling of
seavster. The panples Included those collected by Dr. Schutz in the Antarctic
during the winter of 1963-64 or the oceanvxraphic reacarch vessel ELTANIN. HNe has
#2120 studied the dinstribution of silver in Connecticut atreans and the lorg Island
Sound by enfssion spectrographic aralysis {n 8n Investigation of the effect of
fndustrial processes on the trace sleaent concentration of river water.

At Rice University Dr. Schuts completed o statistical study of regional
verfations in the chemical compoeition of hasaltic rocks. During the summers of
1958 and 1936 he wuthod for Bear Creeck Mining Company on geochemical prospecting
projects in the states of Maine and Arizone. s

Dr. Schuts recmived ha Ph. D, in Cenloty in 1964 fros Yale Univarsity,
His thaals var concernod with o prograpbical and vertical distributlon of ever
sightoen trace plevents In eeoweter. Mo revelved an MA. In Ceology frus Rice
Univeraity In 1258 and & B.Y. ip Cealegy I 19356 from Yale University. e is

& senbor of digna X1, 1o Loochenical Socisty and tlo Ameriian Ceuphysical Unlon.
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PUBLICATIONS

DONALD F. SCHUTZ

Donald F. Schutz, "A Method for the Determination of Seversl Trace Elements
{n Sea Water by Neutron Activation™, (Abstr.) Paper presented at Trans. Aa.
Ceophyaical Un. 44, 632, June 1963

D. F. Schutz and K. X. Turekfan, "Determination of Some Trace Elements in
Seawater by Neutron Activation™, (Abstr.) Paper presented at XI!I Ceneral
Asseably, Inter. Union of Ceodesy and Ceophys. 9, 33, Berkeley, Cal.,
August 1963

Donald F. Schutz, Xarl X. Turekian and Lrmst Bolter, "Neutron Activation
Deterzination of Several Trace Elecents {n Sea Water by Use of sn Internsl
Flux Monitor Techaique™, (Abstr.) Paper presented at Second National
Meeting, The Socirty for Applied Spectroscopy, 34, San Diego, Cal.,
Octaber 1963

D. F. Schutz and X. K. Turek{an, "The Distribution of Seleniun, Antimony,
Silver, Cobalt, and Nickel in Sca Water™, (Abstr.) Paper presented at
Trans. Aa. Geophys. Un. 45, 118, March 1964

X. X. Turekian end Donald T. Schute, “The Trace Llewent Lconomy in the
Oceans®™, Paper presented 3t the Syspealim on Marine Blochealztry, Craduste
School of Oceanography, University of Rhode Island, Octobler 1964 (to be
published)

Lrnst Bolter, Xarl X. Turekian and Doneldd F. Schutz, "The Distridution of
Rubidia, Cesiua and Barium in the Oceans™, Ceochinica ot Cosnochinmica Acta
28, 1459-1466, 1964,

Donald I. Schutz and Karl K. Turexian, "Ihe Investigation of the Ceo-
graphical and Vertical Distribution of Several Trace Llemmnts in Sea Water
Lsing Neutron Activetion Arelysis®, Ceochizics et Cosaochinics Acta 20,
259-313, 1968

Doctoral Dissertation, Yale University, 1064, "The Ceographical and
Yertical Distribution of Several Trace Llements in Sea Water”

Dorwld T'. Schutz and K. X. Turekian, "Ihe Distridution of Colult, Kicka},
and Stlver {n Ocesn Water Profiles Around Tacific Antarctica®, Jour.
Cecphys. Research 70, 8319-3818, 1968
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ERIC H. WILLIS, Ph. D,
Senfor Research Sciont{st

Dr. Willis {s Manager of the Scientific Services Depart=ent at
Isotopes, Inc. He has responsibility for the Mass Spectrometry, Cas Analy-
sis, Rad{ocheniatry, Radicassay and Solid Phase Analysis activities of the
cospany. A signtficant portion of the analytical resesrch and routine sasple
analysis work under his direction {s conducted in support of Frojects HOCCASIN
and PINOCCHIO of the VILA ON-SITE Inspection Progrua. In addition, Dr. Willis
personally participated in Project Pre-BRECCIA sarpling and analysis in con-
nection with Operation LONG SHOT at Amchitka Island, Alaska.

Prior to joining lsotopes, Inc., Dr. Willias wos on Assistant Director
of Rescarch In the University of Camdridge, England, He established the most
advanced radiocarbon dating ladoratory in the United Kingdom with wide applica-
ticas in Quaternary Research, Soll Scilence and Archaecology. His geological in-
vestigations also include the study of palacotemperatures in fosaainiferal
deposits using the relative adundance of the stadble oxygen f{sotopes in & doudle
collector fsotope ratio ooss spectroowter. The existence of artificial radio-
cardon in the atrosphere due to thermonuclesr wrapon tests led hia to study the
activity levels at ground level and the lowrr stratosphere using high-Qying
atrcraft of the R.ALT. In conjunction vith ANR.L. Aldermaston. Being the
tust prolific of gaseous fallost products, the distribution of radiovatbun fn
the at=osphere with tim ylelds considergble inforpution cuncerning troposphere=-
stratosphere mixing tisws. The radiouctive carbon diocide was collrcied on
rolecular sieves In special wirg-tlp ducts and recovered by vacuun furnacinge
The arasuresrnts were (nit{ated shortly ofter the viclation of the mxlrar test
coratoriua in Octoder, 191 and are still continuing.

Dr. ¥illis irtroduced teaching courses {n Isotoplc Ceochemistry at
Canmbridie Unfversity and lectured fo Quaternary Stratigraphy. He was President
of the Cormission on the Abaolute Ape of Quaternary Deposits vhich convened as
prrt of the Internaticel aterrary Association In Denver, Colerado in 1768,
At Cabridge he wis a remhier of the comitive directing =mwteorological studies
of the (niversity ss wil 89 supervising the control and housing of ralfoactive
subatances. Ta

Larlier {n his carner Dr. Willis was eaployed by Nucleon{c and
Radiological Drevelopaest Laboratories (n chealcsl dosimetry under the ausplices
of thw United Xingdom Ateate Lnergy Autharity,

Mo rocoived his Fh, Do in Radiochomiatry fron Cambridgs University
In 19t6 and 8 B, Sc. In 1Y in Physice at Kings College, Londan.
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H. Codwin, D. Walker and E. H. Willis, "Radiocarbon Dating and Postglacial
Vogetational Historyt chleby Mosa®, Pro. Roy. Soc. B. 147, 352, 1957

PUBLICATIONS

H. Codwin, R. P. Suggate and L. H. Willis, "Radfocarbon Dating of the
Eustatic Rise in Ocean Lewel", Nature 181, 1518, 1958

He Codwin and L. H, Willls, "Radiocarbon Dating of the Late Clacial Period
in Britain™, Pro. Roy, Soc., B. 130, 199, 1959 :

H. Codwin and L. H. Willis, "Coambridge University Katural Radfiocarbon
Measuremcant 1", 1959 :

H. Codwin and L. N. ¥Willis, "Cambridge Uniwersity Xatural Radiocarbon
Heasurement 117, 1960

He. Codwin and E. H. Willis, "Canbridge University Xatural Radiocarbon
Meascrezent 1117, 1961

H. Codwin and E. H. Willis, “Cambridge University Natural Radfocarbon
Measurewnt IVT, 1961

H. Codwin and £. H. Willis, "Cambridge Unfiversity Natural Rsdiocarbon
Measuremwnt V°, 1962

He Codwin and [, H. Willis, "Casbridge Untversity Natural Radiocarbon
Mcasurerent V1™, 1963

H. Codein ard L. N, Will{s, "Cacbridge University Natural Radfocarbon
Meazurezent VII®, 1968

H. Coiin and £. H, Willls, "Radlocarbon Dating of Prehistoric Wooden Trackways”®,
Nature 184, 490, 1989

L. H. ¥{llls, "Atswospheric Radiocarbon Activity In 1959%, Xature 138, §32, 1960

L. H. Willls, H. Tauber ard XK. 0. Munnich, "Variations {n the Atwospheric Radlo-
carbon Concentration over the Past 1300 Years™, Radiocarbon I1., 1, 1960

L. H. Willis, "Post Glaclal Lustatic Kise in Ses Levwl®™, Inter. Konf. Fir Vor-
und Trilgeschichte ¥V, 233, 19460

£. H. Willis and A. C. Maddock, "Ateospharic Activities and Dating Procethures”,
Advances Inorganic and Redjocheatstry 3, Acadestc Presa, New York 1761

L. N, Willis, "The valtdity of Radiocarbon Dating”, Timwse Bcience Rev, 42, 1741

£, M, Willls, ™arine Transgreasion Sequances in tha Inglish Fonlands™, Annals
NeYo Acad, of Sclences 95, Jos, 1941
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E, H, WILLIS (Publicstions cont'd)

A. C. Smith and L. H. Willis, "The Landnan Phase at Fallahogy, N. Ireland”,
Ulster J. Arch. (In press), 1962

C. H. Willis, "Radiocarbon Dating", Sclence in Archaeology, Thames & Hudson,
London, 1963

E. He Willfs and A. G. Maddock, "Stratospheric Radiocarbon Concentrstions
at 540 N. during 19627, J. Ceophys. Res. (In press), 1963

R. M. S. Perrin, L. H. Willis and C. A. A. Hodge, "The Dating of Humss Podzols
by Radiocarbon™, XKsture, April 1964

E. He Willts, A, C, Maddock and T. Alonso, "Radiocarboa from Nuclear Tests
1962-19¢4" (In preparation)

L. K. Willis and N, Godwin, "Antiquity of Neluzmsiua Sceds”, New Phytologist,
(In press), 1963
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J. MARION WAMPLER,
Consultant

Pb. D.

Dr. Waszpler is currently an Assfstant Frofessor in the Earth Sciences
Department of the Ceorzia Institute of Technology. Trom 1963 to 1965 he was a
Research Associate at Brookhaven XNatfonal Laboratory and in 1965 served as s
Suemer Rescarch Farticipant at the Ouk Ridge National Laboratery.

Hia research endeavors include fsotipic studies of lead {n sedisentary
and owtarorphic einerals, in tektites and related rock sanmples, and in archacological
objects and relsted lead ores. He has done uranfum-lead sge determinations and
MHossbauer spectrometry of iron {n clay minersls.

Dr. Macpler is co author of a nusber of articles dealing with isotopic
compoa ition and concentration of lead in soee carbonate rocks, isotopic studies
of lead (n sedisentsry pyrite, use of 1ead isotope anaslysis to deternine the
provenance of archavological manples, and isotopic coapsrison of lred fram Ivory
Coast tektites and Bosmtwi Crater =aterials.

Dr. Wa=pler recefved hifs Fhe D. In Isotope Ceoclsmistry from Columbis
Unfversity in 1%¢Y; hia F.A, ia Cheelatry froo Pridievater College in 19%7. MHe
is 3 nmber of the Anerican Coophysical Union, the Geochemical Sociely, the
Anrrican Association for the Advancement of Sclance and Sigea Xi.

Fudblications

J. M. Saspler and J. L. Kulp, "lsctopic Compositton and Concentration of L-ad
In some Carbonate Rocks™, Frtrologic Studies: A volume to bonor A. T. Buddingtos,
Ceol. Soc. Aserica, 103114, November 1962 :

e M. Kaopler snd J. L. Kulp, "An Isotopic 3tudy of Lead in Sedimentary Pyrite®,
Ceochin. ot Commexchim. Acta, 23, 9, 1419-14%3, September 1764

Jo M. Wanpler ond Robert H. Brill, "Ler of l<ad lactope Analysis to Determine ‘
the Provenance of Archarological Ramplea®™, (ln FPrrparation) T

Jo Ko Wanpler, Do N Swith, and AL, Cavernn, "lactopic Cinparieon of Lead from
lvory Coast Tektites and homuntul Crater Materiala™, (In Proparetion)
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V1. FACILITIES AT 1S0TOPES, INC. FOR PHYSICAL
AND RADIOMETRIC ANALYS1S

A. Mass Spectrosetry

The pass spectrometric capability coaprises three modern high precision
1 instrusents which cover & wide range of applications.

A Reynolds Cas Analysis instruzent with a 4.3" radius tube and 60°
sactor focussing 1s equipped with ultra high vacuur techniques such that the
ultizate detection sensitivity (s § x 10-. cc of argon.

A Shields type solid source mass spectroceter manufactured by
Consclidated Llectrodynanics has a 12 radius tube with 60° sector focussing.
This is the principal instnueent for lead abundance and fsotopic ratio deter-
sinations. The over-all sensitivity of this nachine for lcad assay {s

surnarized delowy

ISP

Senaftivity

4 Mes pureaent Precision As total lead Py soltd ppo liquid or
8 sarnles soft tissue
Lead tsotope High )
ratios 70667207, 20 ug
206/208 to 0.7X definite ) 0.2 ppm
1 206/204 to 0.4X% $ ug probadly 1 . 0.08 prm
with & little .
developrent s '
L
¥68/207,
206/308 to 0,8% 0.1 g 0.1 0.001 ppm
206/304 to 1X
lead aburdance Hieh
by {setope ™ .
fpras. 8% of 0,002 g 0.4 0.004 ppm
ditution value) Assusing ho
blank
Lond .
¢me:. 20X of 0.0008 ug 0.1° 0.001 ppm
] velue) Arsumirg no
blarh
Would be lovered 1 vory low reagent blank ts schieved g
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Isotopes, Inc.

The third instriment which completes the wide coverage of lsotopes,
Inc. cepability fs & Nuclide Corporation RM5-1$5 spectrometer with 6" radius
and 60°sector focussing with double bean collection. Isotopic differences of

one part in ten thousand can be zessured routinely.

B. Solid Particle Analysis
A filtered air clean roam facility is equipped with tvo mcdern electron
microscopes, a Hitach{ HU-11B with rasolution of § Aanda Philips EM 78 PXM with
a 3 A resolution. 1In addition an optical laboratory is equipped with a Leitz

Ortholux Pol microscope and en Aserican Opticasl Phase Contrast aicroscope.

C. [Imissfon Spectrograph
Llemental analysis fs perforwed on & Jarrell-Ash 3.5 meter [bert-sount,

research grating spectrogreph.

D. Radicassay
Isotopes, Inc. offers a camprehensive range of instrumentation for the
scasuresent of high, sediun low and ultrs low levels of radicactivity, details
of which are given below.
Beta counters

(40) Low level - background 0.2 - 0.6 cpa
range « up to 300 ¢pm

(12) Mdian level - background 1.8 - 2.8 cpw )
rénge - up to 1000 cpe ‘e

(3) High level - background $ - 8 cpe
rango - 100 - 2000 c¢pw

{(2) Autumatic

ﬁ'.‘\l- Chaeleyr . background § rim
’ rangs = up to 2000 cpe

2 Alpha-Neta Counters - background | cpm alpha, 60 cpm beta
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Scintillation spectrometers

(2) 3 x 3 Nal (T1) Crystals, $0 Kev - 4 Mev gamnsa enargles,

resolution 7.5X%

"Well” NaI (T1) Crystal, 50 Xev - 4.0 Mev, 1esolution 11.5X

(2) X-ray Spectrometers, $ Kev ~ 25 Xev, background - 1 cpa

Beta-Camsa Coincidence Spectrometer

Y energy - 10 Xev to 4.0 Mev
B energy - 0.3 Mev to 3.0 Mev
Backgrounds - 0.1 - 0.2 cpe

Liquid scintillation spectiroveter (Aﬁtmtl:) - Packard Iri-Card

(4) Solid State Alpha Spactrometers

Backgrounds 008 « .01
Resolut fons 20 - &0 Kev
Rarge ertire alpha energy range

Total ga=msa counter

Background -~ 138 cpe
All ga-ns onerygles

(2) X-rsy proportional courters

Background = 1 cpm
Range = up to 1000 cpa

(3) Alpha Scintillstion Countere

Rackground - less than 0.4 cpa
Range = up 10 6.0 Mev slpht particles

4 Absolute Calibration Counter
Background = 78 cpm
(2) Ge(Lli) - large volime gama detectors
Reaolution § = 8 Kew
Liwrgy taige = 30 Kev = 3 Mev

L. lesd-free Ladoratory Tecility

A new leborstory factlity will be devoled to the project and wil)

be furntahed with lcad-free aurfaces and (ittige. Toflon contairers will be
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used where possible to avoid contaaination of reagents. Critical work will be

conducted in bench top hoods provided with dust-free afr supplies.
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