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T01  All Members of the lesd Bealth and Safety Committee
Pt Proposal from Isctopes, Inc.

Baving received & favoradls response from you regarding the Prelixisary
Proposal prepared by Jsctopes, Inc., & group of us met with thes toO 4is-
cuss the formulatioo of & detallsd proposal. PRepresentatives from the
Ethyl Corporstion and du Pont, 83 wll ss from the Americas Petrolsum
Institute, responded to xy invitatiocn to meet and spent & most inteareste
ing day st the Isotopes, Inc, office. All of those present were sost
inpressed vith our discussion.

A8 you zay see from the sttacked proposal the messuremsnt techniques and
facilities that this pctestial cootractcr bas should provide the basts

for develooing inveluadle {nforwmticn adout the results cf modern uwsee of
1sad oo our enviranowot aod the aaimal 1ife oo thils placet. Sioce it seems
20 us that & great mazy unfounded sllegaticns of lead ocntanioation sre
Deing given credence 1a guvertmest, medical and pudlic taforzatice cirules,
ve belleve Lt 80 Lmperutiive that our industry obtain the facts. Jor
instance, ve bdelieve taat much of the lsed foxd i3 our envirconect and
the bumaa Dy 15 of satural origin and stculd oot de ascrided to e~
teaioatico by s, 2t 80 far we bave teen wadle 0 docuneat our delief.

Please stuty this proposel carsfully and be prejared to vote o provision
of funds in the near future. I will Ve adle to send 20 you & 2allot o 8
specific asoant of motey shortly, 68 soca 63 ] have received from the

Amarican Petroleus Institute an lodicaticn of their fioancial ioterest ia
this etudy,
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Yery truly yours,

DS 22 «Persla_
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Isotopes, Inc. I-1

THE USE OF LIAD ISOTOPE COMPOSITION AS AN ENVIRONMENTAL TRACER

1. INTRODUCTION

A recent report by Pattersow concluded froa basic material balance
and ‘mbcdcu'comldouuom that ron as an industrial animal has severely
contarinated his environpent and is suffering lcad insult one hundred times
groster than that present during his biological evolution. The report further
concluded that this level of insult, because it was sustained ina period too
short for evolutionary adjustaent, is a danger to the well-being of & large
portion of our population. Such widespresd environmental contamiration wus
regarded o8 particularly serfous because it fs cumulative and cennot be casily
reduced should a critical level be resched.

The above conclusions are {n contradiction to a considersble arrsy
of scientific opinion that has developed from extensive work {n lead toxicology
and pharzecology. 1In general, the most proainent workers have concluded: 1)
that prisftive ran suffered lead irsult no less than one-half that presently
experfenced by industrial sen, 2) that there {5 8 well-defined threshold value
of 1ead fnsult below shich man can exist irdefinitely without harm, and 3) thet
the present "normal” body burden (8 peesured by the lead content of blood) of
about one~third the threshold value allows an edequate rargin of ;s.!lvty.

Patterson's approach to eveluating the isplicetivns of l:od cotr
taninatfon in man's ervironment was largely tchoretical, and because there {8

not suffictent empirical evidence avatlable to either confirm or refute his

argusent the controversy remains unresolved. The purpose of this proponal fs to

outline o rescarch progran for the developacnt and application of mudern mass

spoctroactric and radiolsutope sralysis techniques in order to fdentify the
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loux;;-“ of lesd in man's environment, to compsre the present environment with
anvironments of the past and to_elucidate the mechanisms by which lead may become
svailable for biological assimilation. By establishing the feasibility of using
the fsotopic character of lead ss 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 mechanisas of lead transfer will perait

nore econoaical slterstion of the environment if required.
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11.  TLCHNICAL DISCUSSION
The Geochemistry of Lead and the Lopvironncntal Health of Mag

Lead occurs in nature as 8 dispersed element in various geological

environsents and, in addition, fs comonly found highly concentrated in the

form of ore deposits. Lead {3 well known for fts toxicity, but as a dispersed
element it is unlikely to be harmful because it s present only in very low
concentrations to wvhich 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 concentrations
siether such environments be natural or a product of industrial coutaminstion.

Tigure 1. shows sovme of the routes by which leed ray becone available
to san froa the privary soiurced in bedruoa and mines.

Bedruch brevks down to form scil. During the process, some of the
lead of the parent rock reratsna in the soil and svme {8 dissolved fn ground-
seter viich ray eventually enter Into streazs. Part of the lead results fros
the radjvactive decay of radon gse. 1It, thercfore, may be cxpected to have @
very different distribution froa dissolved lcad Inssmuch a» part of 1t escopew
!nt.o the atoosphere and later returns as ratural fsllout in rain.

Like seversl trace elements lead bﬂ'(;u. corcentrated {n the organie
paterfal vhich forme coal. Thus vhen tval is mined and burned Jead may become
available to man by # direct transfurmetion of the bedrock, That this ray bc
a potent source of lead §9 {ndicated by reoulte of the "Tri City Lead Stud,™ which

{rdicated such higher atmunpheric lead curcentretions §n the winter tn Chicago

than could be attriluted to autuenbile salauete, lacking a pusitive means of

fdentifying lead frum Jifforont puurces the author of this stidy could only

¥
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speculate that the lead originated in coal fly ash. Because geologic processes

- leading to the formation of coal are very different from those leading to hydro~

thermal ore deposits, identification of load from these different sources by iso-
topic characterizstion may be poulﬁh- . .

Most of the lead in men's present environment comes froa mines.
It enters the environsent 8s various industrial products ranging froa storage
batteries to insecticides and load alkyls in gesolines. If all of the
lesd in these various products were fn fact available to men there wuld no
doudt be great cause for concern. However, much of the lead in lead products
enters the mlmmnf in inert forms. 1t s known for cxarple, that much of the
lead fros autosobile exhausts s found {n relatively large particles shich fall
out rapidly and become part of tfu soil. As long as food {3 {sported froa country
arcas the level of lcad in roadside soils is not likely to be sn {rmportant en~
vironsental health factor.

On the other hand, naterial in the submicron range rmay stay in the air
for extended periods, be bresthed in and have a high probability of adsorption
{n the body. Thus there may be availadle and non-svailable fractions of the
sive raterial. 1In general, lead vhich persists {n the atnosphere for sone time,
or finds its ey into soill end veter {s most likely to be available to plants and
to men. P
Not all 1ewd shich s avatladle for entry into man {s hamful becavse
ft ray enter In 8 fors which {8 absorbed with lov efficiency. This lead, al-
though avalladle to pan In a sense, Lo not avatlable for entry into (sportent
blological processes. By isotopic charscterization of lead in blological sanples
it may be posalble to (dentify the sources of lead Molr;‘luny avallable to

san. for example, 11 the lead Ingested from plant material is largely unabsorbed

o
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and {8 c-n-inated in the feces it msy be isotopically distinct from sirborne
léd shich is absorbed through the lungs and shows up in the urine or fs accua-
ulated {n the bones or teeth.

The use of lcad isotopic characterization is a means of fdentifying
the geochemical and biochemical pathusys followed by lesd to and through
man, depends on the existence of natural {sotopic variations. The extent to
vhich useful fsotopic distinctions exist and the principles shich explain

their origin are discussed in the following section.

The Qrigin of Isotopic Var{stions {n Iecad |

Varfations in {sotopic sbundances occur widely {n nature and {n
general stea froa two distinct sechanisme.

The first concerns the thermodynanical properties of fsotopic conm
pounds {n chemical, physiochemical or biocheaical process. Since the reaction
kinetics are mass dependent, a lighter {sotope will react rore favorably than
8 heavier one In the saze rcaction. The differences are sore sarked {n the
lighter elements, in particular {n hydrogen, carbon, nitrogen and oxygen, the
dlological tissve buflding elenents,

The secnnd source of f{sotopic abundance varfation occurs where an

existing fsotope 13 mizcd with 8 daughter product of a radloactive decay series.

Fotassiue-40, for instance, decays to argormr+40 and changes the argon 36135140
retio with tine. Of particular Interest to the present discussion {s the
contridbution to the world’'s Jead trventory by the decay of the unetable
eloments uraniua ardd thorium.

Common lead 18 found to comprise a afsture of fuur stable frotopes,

Y
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Fb-204, Pb-206, Pb-207, snd Pb-208. There are also 8s many as sixteen different
radfosctive lead Isotopes known, but the principal one pertinent to this dis-
cussion is Pb~210, also known as Radiua D.

i

Load-204 13 not koown to have been forsed by any natural decay or any
other nuclear resction. 1It, thus, constitutes & measure of the orfginal lead which
was formed when the elemwnts were formed, sometinmos knosn as primeval lead.

T)u 1sotopic ratio of Lompon Legd mined today results fros the addition to primeval
lead of radiogenic lead, P-206, P>-207, and Fb-200, formed from the decay

of uranfun and thorfus. Figure (2), (3), and (4) show the decay schemes for the
three radfosctive familfes resulting in the stable isotopes of lead. The halfe

lives of the parents, (-2, U-235, and Th-232, being the longest {n each series,

crust as 8 vhole, P-206 and FV-208 are being produced at about the same rate at
the present tize, while Ib=207 is belng produced at a much slowr rate because
of the low abundance of U-235. In carly geological time, howwver, when U-23$ res
much rore sdundant,” F~207 vas being formed sore repidly than Fb-206.

The differences in the 1sotopic ratios of comwon lcad ore may be,
therefore, attridutsble to the zaunner of the additlen of the radiogenic lead to
the prinevel lead.

1. The oiu say have been scparated from their sources at;g_lfrumt
tincs. Recently separeted ores con bo sapected to contain greater quantities of

radiogenic 1ead than orve separsted carlier,

2, The aburdence of cach radloactive parent nmy have leon variable,
3. The intereediate davghter mxlideos proceding lead in the three

devay scheses ray Mave beon differcntly diapersed privr to becoaing lead.

a determine the ultizate rates od fulldup of the radfogenic {sotopes. In the carth's
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Isotopes, Inc.
4. The foregoing causes may becume combined, in any proportion, to
nalu nev ore bodies in a variety of geological processes.

 The extstence of these fsotopic sbundance ratios has been widely used
to determine the history of lead ore deposits, mostly galenss, and such bas

been published discussing the possible interpretation of the considerable nusber
of measurements in the literature. It is, howevar, the fact, and the

charscteristics of, these varfations in ssjor industrial lead ore areas that

; are pcnhw'ﬂt to the present discussion. One of the prime objectives of the
; proposed study s to differentiate in msn and his environment between lead ‘
derived from local natural sources ard that fros distant areas via i{ndustrial
. 1sotopic ratios of lead in local soils and groundwators can be distinguished 1
1 from lead derived from the major {ndustrial aress. This would sppear to be
Y clearly possible in certain areas. 1ln others the rerge from the separate o

sources may overlap such that definitive results are ispossible. It {s the -

prirary purpose of the initisl investigation under this project to define the
extent to wvhich the identification of specific sources lo'youlbh in the
presemt Wu scene. 7

An sdditional paraceter shich ray prove to bo a valuable tool to

chauctériu leod in ran and his envirorment is the specific activity of the
rodicactive I~210, Lleads associated with little resldual U-238, such a¢
{ndustrial leod, wuld contafn little f¥-210. 38oils and grounduaters on the
other hand ahould contatn considerable quantities dorived from the U-238 in the
weathored balrock. This could be 4 waeful tnllcator of whethor or not the

1cad 1n plants {8 soid or stmoaphere derfved. . e

a sources and pathways. To achieve this, it wust first be deronstrated that the




HNatural Yariations of lead lsotope Compos{tion

" As a rosult of the factors discussed sbove, significsnt variation in
lead {sotope abundances are observed in lesd sources froa different geocheaical
backgrounds. Table 1 shows & selected list of lead samples from various mining

districts to esphasize the great range in composition. Also given {s the value
for "priceval” lead as derived from a uranjun-free metallic meteorite, The
lead in the manganese nodule fros the ocean floor prodably represents the
average conposition of soludle 1ead that entered the Pacific Ocesn over the
past fow hundred years. In cach geographical area the geology of the surface
wvill determine the lead fsotope corposition in the drinking water and in Ivod
grown in the soil. The lsotopic variations {n solls over the wrld will vary as
widely as that in sezples of lead listed in Tadle I.

The indfcated experimental error shows that the natural variations are
large compared with the analytfcal capadility. Soee aines or mining diatricts

have rather unifora fsotopic cozposition. Examples sre Broken Nill, Coeur

¥

d’Alene and Balmat. On the other hand, wide varfations are observed {n the
Mississippi Valley type ores auch as those of Scuthesst Missouri District and the
Tri-State District fn western Missouri. Xevertheless, the aversge lesd fsotope
corposition from these areas {9 reasonably unifors vhen Integrated over weeks

of nining.

Variations in the Isotopic cosposition of Jead produced by the lesd
alkyl nanufacturers would relate to the original sources of lead in the pool,
changes {n the ratios of these sources and the aethod of werehovaing the raw
raterial, Scee cstinate of thens varfations can be eade from the records of
procuresent and hariling, but better values can probably be obtatned by analyses

of production on 8 pericdic basis.
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include ﬁ;c}wtopic composition of lead in: drinking weter, average diet ‘ : :
{perhaps from routine A.E.C. $r™ B

In the New York City area, for exacple, an initial survey should

sarples), lead in gasoline (ssmple msjor

depots), lead in Consolidated Edison coal, and average lead in city afr. It I s A

would appear from Table I that fdentification of these scurces in the huzan

lead burdoﬁ say be feasidle.
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TABLE 1

1sotopic Composftion of Selected List of Lead Samples

%206 :szo‘ %207 :Pb'ZO-l Pb?Ol :m204

Canon Diablo (meteorite) 9.8 10,3 29.4

D T T W Gv R SR GRS M MP TR T S R e G GF SR D SR S ) G G EE Ge Gb S G S D DGR G NS R W op e D S

80, Africa (Rosetta Mine) 12.6 32,8
North West Terr, (Con Mine) 14,1 . 33,9
Cobalt, Ontarfo 14.9 34.8
Broken Hill, ¥, SW, 16,2 38.9
Coeur d'Alene, Idaho 16,8 36,8
(Sulliven Mire, B.C.)

Balmat, X.Y, 16,9 3.9
Franklin, N.J, 17.4 . 3.7

Montana 18,1 18,6 38,8
(Boulder Bathol{th Mines)

Cerro de Pasco, Peru 18.8 18.7
Mascot, Tenn, 19,6 15,4
$.C. Migsouri (Av,) 20,3 16,0 39,9

Tri State (Jopiin) (Av,) 22,2 16.1 41,9

Karganese Nodule 18,9 18,7 TR
(Ocean Floor)

Lxperinental Lrror + .08 [ + 0.1




I11. _SCOPL Of WORK

V Tﬁo }fopoud study of the use of lead fsotopic composition as an
mlmmﬂitﬁ tracer will be carried out in thres phases. FPhese I will be
concermned with the development and evaluation of analytical techniques. In
Phase 11 the feasibility of using isotopic cosposition to characterize the
-lead in prisary sources, environeental wedis, snd in mon will be established,
and the use of tree rings as mlecenvironzental indicators will be investigated.
Phase III vill extend the techniques and principles established in previous
phases to scversl different geographical locations in order to prove the gener
ality of their applicstion
Bhuase L Anslitical Techoloue Develepacnt and Ivaluation

The unique aspect of the proposcd approach to the study of environ-
mental lead {s the use of stable ond rodiosctive Ssotopes to characterize the
lead from varions environmental sources. Althouph much experience has been
gained, (to a large extent by lsotopes, Inc. personnel) in seasuring lead
fsotope ratios, in Beasuring low concentration of lead by isctope dilution, and
in peasuring lov levels of M~210 radivactivity, the probless associated with
the ultre-microsnalysis required for envirormentsl sarples must be approached
with care and thoroughness not communly cactciscd in routine trace analysis.
The first six ronths of sork, Fase 1, will, therefore, be concerned with
construction of & lead-free laboratory, pruduction and testing of lead-free
reagents, }ropant!uﬁ of atandards, and establishing the limits of detection of
the pethods used.

The préciaton and sccuracy wbtatrabls fur Wth the sbundance and fevtople
seasurcsents will de delin~d., Intercalibration will be corducted botween the lesd
abundance peasurcaents done at lavtopes, Inc, by the fsotups dilutlon-wass spec
troseter methud and those done by laluraturies using the dithlzonercolorinetrie

technique.
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Procedures for measurensent of Pb-210 {n low level samples will be
established ard evaluated and the use of Pb-210 for yield determination in

chenical concentration procedures will be developed with particular regard to the

sample matrices. -

Study of typical envirommental sasples will be done to check the
procedures. Isotopic amiy;ll of lead slloys froa tetrasthyl-lesd sanuface
turers will be undertaken to establish the rarge of isotopic variadility to
be expected in leaded gasolines.

Throughout Phase 1 8 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 experinents
to be perforsed in Phase 1I.

Paase 11, Feasibility Stidy uf Isotopic Characterisation of Leod in Primery
Sources, Loviropmwntal Media, and in Man

Tollowing the thorough develyj=ent and waluation of leod tsotope

scasurement techniques for environsental sasples in Phase 1, pilot studies
will be conducted to test the feasibility of using Ssotopic characterfzation as
8 peans of distinguishing varfous sources of environmental lead. As 8 result

of experivental design studies urdertaken in Fhase I, at lcast two srees in the

Xev York City aree will be chosen for emvirormental sanpling.

An sttespt will be mode to identfy and characterise prl#q sources of
lead such as bedrock and sofils, cosl and fly-ssh, lead alkyls in p;llm, and
tobacco, Rachgrourd (nformetion on the sasples analysed will be studled in
order to urderstand the origin of the fsutople errposition observed,

In goneral the lead In primary sources (s rot avafladle to man, It
sust first enter Into erwvironmental pedia such as 8ir, water, ard Cood plants

to becomg 8 blological contantinant of men. The sources of swirvrmental leoad

RS
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available to men will, therefore, be sanmpled and cozpared with the primary
sources in the um ares to dctcmﬁu which primary sources are rnponoiblo
for the svailable environsental lesd. '

A third aspect of the pilot studies will include isotopic charac—
terization of hurman sasples including bone, teeth, blowd, and urine to
detemmine the relation between available envirnncental lead and that actually
found in san hinself. In boththe selection of sasple type and procurement

tbitatiia

of samples of human material guidance and cooperation will be sought fros

To place the results of the environental sazpling prograa in historical
perspective it is inportant to estadblish the feasibility of using tree rirgs,

soil profiles, ard sediscntary layers as records of changing levels of environe i
pental lead. Lead {sotope studies of tree rings are particularly {sportant

becouse relatively high lead concentration {n outer tree rirgs has ben veed

as prirs facie evidence of severe ervirormental comtanination. The validity oo
of these mmlun!o;a cannot be accepted unless {t can be shown that the lead n » !
the zones of high corcentration fe isotopically different froo the lead {n the

bedrock and s0il and the sszc as that in the atsosphere. Our measurements will

be copedle of estadlishing these important relationships.

1t {s anticipated that correlative envirommental studies will be
urdonay during the tise poriod of Mase 11, Lxcharge of {nformatios with

these prograss and fsotopic analysis of significant sasples will enhance the

value of the wvhole rescarch project. BPecause the fsotepic tracer technique may : o

l experts in lead biochenmistry and toxicology.

be expecfally valuabdble In lmcaupumi of lead Maboil_g‘ in blojogical systems

close sttention wil) be glven to the developsent of coopstitive revearch pm(rﬁ.
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e .Once the analytical methods for lesd isotopic characterization and
A the feasibility of their application are well established, study of different
geographical locations will be undertaken, Aress with different geclogy,
seteorology and industrial sctivity will be studied using the Kew York City
pilot studies as models, ' .

During this pﬁisc continued and increased participation and coopers-
tion with other groups and agencies {s anticipsted. The specific scope of vork
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 prograns of other groups.




rp . .t % " o A

hotopos, Iac. : A : U . -1

Iv. EFTORT AND COST -

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

‘effort which will nquiro'thq vtilization of uniquely qualified personnel.

The prograa sust slso have some expensive and special facilities at its

disposal. Isotopes, Inc. vlu provldo both of thu nquu--mts within the

basic cost of the projoct nclonthto.

The project scientists will have ofﬂc. oplco. clean chemical

1aborstory with special hoods, solid source mass spectrometer, eaission
spectrograph, electron-diffraction and electron micrograph at their disposal.
They will have 81l necessary secretarial, drafting snd technicsl support. la ’
the technical area this will Include electronic support, data procuoir(;
vuchtm shop effort end chemicsl technician labor. The basic costs alse
include the continuing advisory wpport of Dra. Kulp, Willls, Friend and Bate
as descrided adove. 3

m work h divided lnto three phases, each of aix months duration.

funding may !b«rofon be done in #ix, twelve or eighteen month increnents. It

is understood that quarterly technicel reviews and six monthe technical reports

vill be part of Isotopes, Inc. comitment. Further, it {s agreed that since
the custamer is primarily buying "a level of effort” that the scope of work
pay be modified 83 8 result of the (uarterly Reviews. Particularly, lf 1s
oxpected thet redefinition and elaburation of the scope of werk for Fhases 11
and 111 will oceur prior to the initiatinn of Phase 11, '
In Fhase | po direct chargos are {nvolved oscopt travel and sub-

sistance sseming tve trips to the Midweat, In Fase 11, #n sllovarce o

nade for 8dditional travel involved In local seapling. In Prase 111, 1t (s
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‘anticipated that there will be some fncressed travel and & requirement for

iéno__opochl saspling gear. 1n all cases the direct charges will be billed ss
actusl plus an adainistrative charge of 10X.




e

R Project Cost R
= Technical Effort Rate per Month Incl. Support

ge 0s.) $3080. ' T $30,480

'Sc"ichtht-l’rojoct Director

Associate Sclentist (5 mos. 3720, 18,600

Chenfst (3 mos.) L2200, 7 : ‘ 6,000

‘ , o 83,600
Direct Charges LT el TA\

Travel and Subsistence - ) S - "_ RO
2 Trips to Mid West, total § days st 500

Phase 11 - January 1, 1967 - June 30, 1967 (six sonths)

' ' Proiect Cost
Technical Effort Rate per Month Incl. All Support Total
Scient ist-Project Director (6 mo0s.) 8080, 30,430
Associate Sclentist (b wus.) ‘3ne. . 22,30
Chemist (6 mos.) 2200, ' 13,200
: 6,000
Direct Charges _ . -

Travel ond Subsistence ' Est. 1,000
: '_ Total 467,000

Phase 111 = July 1, 1967 - Decomber 31, 1967 (six months)

Protect Cost -
Technical Effort Rate per Month Torl. X1 Spport . Jotal
Scientist-Froject Director (¢ nos.) 8020, 30,480
Assiclate Sclentist (6 woe. ano. 22,320
Chenlst (6 mon,) 2200. 13,200
IField M!Q’ (‘ .0.0) 2300, I‘DOO
74,800
) Plrect Charges

Travel snd Subniatence . Lat. 2,000
Specis) Seaplitg Coar 2,000
) Tutel $8),800
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V. PROJICT PERSONNEL o AN

'nu }ropond analytical aethods ro.ﬁrch project will be conducted

by a ipocul project group established within the technical orgsnization.

Or. Donald F. Schutz will serve as the Project Director end principsl

investigator. Dr. Schutz {s 8 geochenist on the Research Departoent staff and

is currmtly. rnﬁonclblo for the Nuclear Operations Section of that Department.

He fa highly qualified to direct the proposed lead fsotopic analysis research

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

e E R e

nmethods for determining trace element concentrations in seawster. As Project

Directer, Dr. Schuts will be responsidle for the scientific direction and manage-

ment aspects of the rescarch studies. ln this position he vill report to
Dr. Co E. Crouthamel, Director of Resedrch of lsotopes, Inc.
Seversl senior scientists (n Inrotupes, Inc. who have unique backgrounds

from vhich to contribute to this prograa will advise Dr. Schutz fn the direction

of this ptojoét. Thcu includ;x Dr. J. Laurence Kulp vho has directed major

research ym(nu in lead {sotope geochemistry, adss spectronetric development,

vo;lévldc rediocact ive fallout and the sovennt bf'l‘t:ronth.-‘?o la the husan food

chain} Dr. Jases I. himd, 8 physical chenist -ltﬁ;{i‘o’mm ;xpnhm in the
field of atnospheric sercsols and particle studies; Dr. Ceorge L. Bate who hae
conducted numercus reasarch studies Involving lwiople lead dc!on-.lmtlo:a and
1ead geochronometry; and Dr. Leic He Willls who 18 c;‘p.ri;mod,in research work
baned on Bass spectrimaler measurements of atable faotepe ration and low level

radiological determirat lons of carbon-14 and other radiolsctopes.

M. Roland Kelogrivew, hoad of the Stable leotopes Analysis Bection

of the Sclentific Services Departacnt, will serve an the physical aralyst for
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:hu projoct:r He will be primarily responsible for the performance of mass

,lpoctrm tric analyses and the developoent of auitable nev analysfa techniques.

Dr- J. Marfon Waapler of the Ceorgia Institute of Technology Dnh

A
PR Cr A B,

Séiemi Dopcmcut, who has done significant work in isotopic analysis of lud ' ;

in very low concentratior, will participate in the progras in'the sumser of & 2
i 1966 and will continue 8s an advisor in analytical techniques. ~ . : e M‘:\’J
*’: One quelified technician will be assigned to the project group to ' 1o
E assist in Mlc preparation and analysfs and to perform initisl data reduction
3 1 calculations. ‘ _ :
:;l j Detafled resumes of the professional qualifications and cxporhnt.;o of
% the scientists assigned to the proposed project group are included at the end of
%» this section. Publicstfon lists are slso included and have been annotated with
3? asterisks (eee) to Indicate those papers vhich are especislly relevant to the
? lead {sotope analysis studies.

£
X
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CEORCE L, BATE, Ph. D.
Scientist

Dr. Bate serves on the Research Steff at Isotopes, Inc. as o
specialist in nuclear physics. As Associate Project Director of Project
PINOCCHIO, he has over-sll scientific and sdeinistrative responsibility

for the coordinstion of the research studies for the project and partici-
pates in specific phases of the research nhen necessary. Project studies
sre [n the arcas of nuclear pirascters, geology, meteorology, gas snalysis
techniques, and local alr anslyses. He {s alwo conducting thecreticsl
studies of the potential usefulness of radionuclides formed by fast neutron
spallation reactions and heavy particle reactions which accompany the detons-
tion of nuclear devices {n varfous geologic acdia. Dr. Bate previously
dirccted 8 project to estadlish and cvaluate oethods for the detectioa of
ultra-low-level radicactive gaseous cffluents frum nuclear operstions. He
has additional responsidbilities on the Patents, Radiation Safety, and
Technical Studies Committces of the coepany.

Before coming to lsotopes, Inc. in 1965, Dr. Bate uughi advanced
physics courscs as 8 Professor of Phyaica at Wheaton College and was respon-
sidle for the installation of a radiolsotope laboratary there. ’

Fruz 1986 to 1968 Dr. Bste $ennd 29 8 part-tic— Research Consultant

and Assoclate at the Argonne National Ladoratory. His work there produced

the first deflinltive assay of thoriua {n both store and fron seteorites and
104 to further definition of the abundances of certaln other clevents {(n
cosaic and terrestrial sources. Later rescarch persitted further developoent
of modrls of muclear fission by evaluation of cxclitation functions and angulsr
distribution of frag=ents of nuclear fission {nduced by charged particle bow-
bardaent. . .

As 3 Rescarch Assistant st the Laoont Ceological Observatory of -
Coluadla University fros 1731 to 1984, Dr. Bate performed research shich led
to a deternination of the age of the sarth,

Dr. fate recefved o H.A. (n Phystcs from Princeton University (n
1948 and an M.8. in Fhyeics from the Californta Institute of Tochnolegy in
1946, He was ovarded @ Fh. Do fn Su-lear Coophysics frm Colimhia University
in 1948, Dr, Rate o & =eater of Phi Bota Xappa and Stiwa Xi, He holds
eemberahips §n the Aaerican Xacocfation of Phystcs Teachere, the Aserican
Assoviation for the Advancezent of Science, ond the Concheafcal Suciety,
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J. L. Kulp, G. I.. Bate, W. U. Ault and H. W. !‘eely. "Lead and Sulfur Isotopic
Abundances in Mississippi Valley Calenas™, Bull, Cﬂol. Soc, Aa. 87, 123-124,

" January 1956

*o N

"o

J. Laursnce Xulp, Ceorge L. Rate and Bruno J. Cilett{, "New Age Determinstions
by the Lead Mothod”, Proc. Ceol. Assoc. Can. 7, 15-24, May 1958

J. laurence Kulp, Ceorge L. Bate and ¥allace S. Broeker, "Presvent Status ol
the Lead Method of Age Determinstion™, Ae. Jour. Sclence, 252, 345-368,
June 1954

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

C. L. Bate, D. S. Miller, and J. L. Kulp, "Isotopic Analysis of Tetramethyl
Lead”, Analyticsl Chea, 29, 84-48, January 1987

Ceorze L. Bate and J. R, Hulzenga, "Abundances of Ruthenius, Osius and
Uranius in Sooe Cosalc and Terreatrial Sources™, Ceochiaics et Cosmochimica
Acta 27, 345-3¢0, April 1963

G. L. Bate, H. A, Potravr and J. R, Hufrengs, "Scandive, Chromiuve and Luroplum
in Stone Mrteorites by Simultaneous Neutron Activation Analyais™, Ceochlaics
et Cosnochiaica Acta 18, 101-107, 1760

C. L. Bste, H. A, Potrata and J. R. Huizenga, "Thoriua (n lron Meteoritest
A Preliainary lnvestigation”™, Ceochiaica et Cosmochizfca Acta 14, 118-128,
1088 -,

¢. L. ﬁato. 3 Ru.llanga And‘ll. A, Potratz, "Thoriuva {n Stone Metoorites
by Neutron Activation Analysts®™, Ceochimica ot Coseochliaica Acta 16, 88-100,
1989

toorge L. Rate, R. Chaudhry and J. R, Wulzengs, “Tlssion Fragment Angulsr
Diatribut fons and Cross Sections for Deuteron-lnduced Fleston™, Fhys. Rev,
131, 732-134, July 13, 1963

Ceorge L, Bate and J. R, Wularrga, "Tlesfon and Reacifon Cross Soctions ,..(n
the Urantum Reginn with 4« to 12« MoV Prutons™, Phys, Pev. 133, B 1471-147¢,
March 23, 194

J. E. Cimdler, €. L. Mate and J. R, Wiirongs, "Tlaslon hfp-n! Angular
Distritutions (n Chargrd-Pasticle-Induied Fisston of Ra'™ %, h:yn. Rev. 136, B
1331-1344, Decosbor 7, 1764
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L PUBLICATIONS

" CARL £. CROUTHAMEL

C. l!:. Cmuiﬁml. Editor, "Regenerative Calvanic Systems™, Monograph in Aa.
Chea. Soc. Advances in Chenistry Series, 1966 (in press)

c. IZ.- Crouthamel, D. C. stugqu, €. M. Stevens and P. Xafalas, "Capture-to-
Flssion Ratlos of U233, u233, and M239 in CBR-1, Mark 1117, Nucl. Sci. Eng.
21, 179-185, February 196%

€. E. Crouthasel and D. C. Stupegia, Review of "Technique of Inorganic Chesistry”,
Muclesr Chew. 2, X. F. Johnson et al., Nucl. Sci. Eng. 19, 258, June 1964

C. L. Crouthamel, Editor, "Progress in Nuclear Energy™, Series IX, Anal, Ches.
111, Parts 57, 1983

C. E. Crouthasel, Cditor, "Progress in Nuclear Energy™, Series 1X, Anal. Chea.
111, Part &4, 1963

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

C. Catrousis, R. Helnrich, and C.L. Crouthaarl, "Recent Advances in Counting
Techniques™, Chapt. I of "Prugresa in Nuclear Lieryy™, Series IX, Ansl. Chewn.
11, 1951

€. L. Crauthaawl, Editor, "Progress (s Muclear Dnergy™, Series IX, Aual. Chea.
11, 409 pp., 1961

C. L. Crouthasel, Liftor, "Applied Camsa-Ray Spectrueetry™, Intemat'l. Series
of Monographs 11, 440 pp., 1960

¢. L. Cnmih."e’bl; "Intrinsic Variables”, Chapt. 1 of "Applied Comra-Ray Spec-
troesetry”, Intemet’l. Scrics of Minographs, 1-24, 1960 '

W. Managan and C. L. Crouthamel, "Lxtrinsic Variables”, Chapt. 11 of "Applied
Camaa-Ray Spectrometry”, Intemat’l. Series of Monographs, 28-93, 1960

C. L. Crvuthamel, "Callbration of the Detectors™, Chapt. 111 of "Applid
Comna-Ray Sprctrometry”™, Intemat’l. Serles of Munographs, 94-109, 1960

€. Catrwusis arnd €. L. Crouthanel, "Specific Agpllu\lom". Chapt, It of
FApplicd Camsa-May Spectreetry”™, Intemat’), Serlea of Monographae, 110-1%8, 1960

C. L. Crouthanel, K. lelorlich and C. Catrousis, "The Quantitative Determination
of Fisalon and duclear Reaction Prusducta”™, Talanta } (4), 396-407, 1954

C. £, Cromthane) amd E. Turk, “Determination of Plle Congtants by Clewical
Nethuadn”, Reactor Operatfonal Probleea 2, 192-198, 108)

C. L. Crouthame) and £, Turk, "Determination of Nuclear Reactor Constants by
€lamafcal Hethun!a®, Peavoful Lare nf Atomte Energyt Pre. Intemat’l, Conf,, Cenrva, 1983

4% Cruuthaael and Ho Diehl, "Caa Analysis Apparatus Fepliuying the Voloeity of
‘Sind™, A.al, Chewm, 20, 515, June 1748

N S e e i A 5l e S T Y S k% N g U BB g% MR et 5 A o e




B BT R B I I I R T

IEUTUPEE IHL'.

Carl L. Crouthamel, Ph.
Director of Research

As the Director of the Resesrch Departoent at Isotopes, Inc.,
Dr. Crouthaael directs the contract and in-house rescarch activities of the
corpany. His staff includes experts (n & variety of scientific disciplines
including nuclear and radiocheaistry, geocheaistry, geology, oceanography,
biochealstry and nuclear physics.

Dr. Crouthasel vas cmployed at the Argonne Xatfonal Laboratory as
a Senfor Chealst froa 1950 to 1965. Me {nitially develuped arthods for the
analysis of rractor fucl and was responsible for the organization and super-
viston of the radiochenical prograa In the Chemical Engincering Division.
For twelve yeors he vas the Croup Leader of the Reactor Chenistry Croup, with
responaibilivy fur the deterafnation of rvactor materials cross sections,
developarnt of activation acthods assoviated vith fast breeder reactors, and
developaent and applicatfon of such sophisticated counting techniques a8 gas
proportional, scintillation, and solid state spectruecters. He §s well-knowm
for his pioncering vork on the dereloparnt and spplication of sodiue fodide-
thallfun activated scintillation spectnarters and sulti-channel analyzer
systeas,

During the past five yrars he has bren primar{ly rogaged in studies
of fused salt-11quid ectal systras and their application to the direct con- B
versjoa of heat to electriclty. These activities included estensive basic Che e e
research in fused salt and intersctallic systess with particular enphasis CE
on the solubility of the lithiua Ralldes and sudlun halides in low-dielectric BRI
cusalent sulvents “such as fused 1ithiun Mdride and ankydruus acetic acld.
tn addition te.bas imestigated the thermsdynasic properties of binetallic
syatens, fuuw!_nl! binary and termary systess, ard alsed intemmetallic fused
salt systems. Hes 8lso designed an inest lellum atsosplere box a3 8 basic
rescarch unit which has been widely cvpi'd and reproduced at Argonne as well
s many other laboratories.

Dr. Crnthaawrl recelved a D.3. In Chealatry and Mathenatics In 1942
from Lastem Kagarviwe College ard his M.A. In Analytical Chenlstry in 1943
fre Boston Undversity, Dictoral reacarch was done at lLiwa State Univernity
and he obtalued bis Ph.D. tn Inorganic Chwmistry in 1950, He has béen author
of mare than 47 papers in hin fielde of Insestigation and haa edited and

Jeontritated aubetantially to four books. Dr. Crathanel 1s a acaber of the , .

American Clamival Soctrty, the Aaerican Murlear Soviety, the Rescarch Soclety
of Aswrica, the New York Acadeny of $cieiaw, ard the Aserivan Asscciation for
the Advarcenent of S toiw.
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, k JAMES P. TRIEND, Ph. D. -
P : Senfor Sclentist - . ‘

Dr. Friend is 8 physical cheaistry specialist on the Research.
Department staff and also acts as the Senior Scientific Advisor for the
Department. He {s presently conducting detection probability studies and
{ield experizents under Project PINOCCHIO for the VELA On- Site Inspection
Program. He i3 8180 engaged in resecsrch in the field of atmospheric’
chemistry. This vork includes studies of the composition and characteris-
tics of stratospheric aerosols and the relationship of redfoactivity to
particulate matter in tha atmosphere. 1n addition, Dr. Irienc fa directirg
8 study of the eechanisas of transport in the stratospbere and deposition
on the ground of radioéctive fallout.

Dr. Friend served as Director of Project STAR DUST for lsotopes,
Inc. 1n this capacity he coordinated the efforts of meteorologists, inter-
pretive scientists and analysts. Unler the High Altitude Saaplirng Progras,
be studied fluid flovw (n atr 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 properties of enviroimental particulate saterials
ane acrosoly, eatalbitshing jrucedures for sanpiing of particulate zatter
in the atmosphere ard In solla} and preparstion of procedures for plutonium
anaiyses and interpretation of these aralyses. MNe wvas also co-author of the
ALC report "Study of the Ceneral Feasibility of Radioisotopes Methods in the
Natural Cas .Industry™. He has supervised the snalytical efforts in the gas
counting laboratory where carbon-14, hydrogen-3, rsdiue-726 and redon measure-
ments are pade. .

Prior to hin employment st Isotopes,Inc., Dr. Friend was employed
as & Thysical Chewint at the Ferkin-Llmer Corporetion where he perforzed
gos chrometographic investigstions.

During his nﬂlu.ry service, Dr. Friend wvas assigned to the Army
Chenical Conter where him vurk involved the develojment of infrared instru-
sentation and the detection of chenical warfare lunu {n the ataospheTe.

Dr. Friend received both hia M.A. (1283) and Fh. D. (17%6) In
Fhysical Chratetry [rca Colim™ia Untversity., HRiax thesis subject was aicro-
wave apectroscofy. MNe recelved 8 B8, In Cheniatry from Mavaachusetts
Inatitute of Technolowy and 1n 0 Bestor of the folluwirg profcesional
socictiest American Fhyelcal Soclety, American Assoclation fur the Advance
sent of Sclence, and Sigew X},
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PUBLICATIONS

JAMES P, TRIEND

R. C. Lerncr, B. P. Dafley and J. P. I'riend, ™Microwsve Spectrun and Structure
of Tormic Acid™, J. Chea. Phys. 26, 630, 1987

J. P. Friend and B. P. Dailey, ™Microwave Studies of the Structure of Cyclopropyl
Derivetives”™, J. Chea. Phys. 29, 857, 1958

J. P. Triend, C. R. Barnett and B. L. Critides, "Study of the Cencral Feasibility
of Radiofsotopes Methods in the Natursl Cas Industry”, U. S. Atomic Energy
Comission Report NYO-278), 1940

J. P. Triend, “The Rehavior of Nuclear Debris from the Upper Atnosphere Rocket
Detonatiors as Determined in the High Altitude Sanpling Program™, Proceedings
of the Upper Atmosphere Samplirg Sywposiwm, Part !, J. D. Shreve, Jr., Ld._
SCR-420, 1961 S ]
J. P. Friend, K. ¥W. Tecly, et. al., “The High Mkfn‘;do Sazpling Prograa®, Volumes
1 -5, J. P. Iriend, Lditor, U. S. Department of Defense Report DASA-1300, 1961

Co-authored nine quarterly progress reports in Project STAR DUST, U. 3. Department
of Defeuse Reports DASA 1391-1332, 19¢1 - 1904

He W, Feely and J. P. Triend, "Evidence on Stratospheric Circulation from Measure-
rents of Radicact fve Bomb Dedris Injected adove 20 Ka®, paper presented at X111
Ceneral Assemdly, 1UCC, Berkeley, California, 1963

J. P. Friend, "Studies of Nuclesr Debris in Precipitation™, ALC-NYO 241812,
Kovesber 1964

Jo P. Friend and D.M.C. Themae, "Ihe Detersination of the Particle $ize Distribue
tion of the Farticulate Material Collected during the Double Tracks and Clean
Slate 1 Events of Operation RGLLIR COASTIR™, AWRL Report 0-20/63, 1948

B, Davidaom, J. P. Triend and N. Seits, ™userical Models of lefusloﬂ and Rain-
out of Stratospheric Radioactive Materials®, Toellus 1966 (In Press)™

*00 g, P. Friend, "Troperties of the Stratoapberic Aerosol™, Tellus 1966 (In Prees)
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ROLAND XOLOGRIVOV, B.S.

Senior Associate Scientist

Mr. Kologrivov has had six years experience in msss spec-
trometry particularliyrelated to the isotope dilutfon measurement of
rubidium, stroatium, potassiua, argon, ursniua, thorfum and lesd.

At lsotopes, Inc. he has supervised the {nstallation-of the Reynolds
typs nass spectroseter used for gas measurements and the Shields type
(CLC-21-703) instruzent used for solid source measurements. He
designed and supervised the construction of the high vacuue fusion
systes used to prepare sasples and calibrate the fsotopic tracers used
in the {sotope dilution ecthod, These systeas utilize the sost recent
developernts in the state-of-the-art of ultrs high vacuua techaiques
orfented to geochexical age detorminations. His present work fncludes
supervision of the wass spectroactry laboratories.

M. Xologrivey vas pruvicusly coployed at the lasoat Ceclogi-
cal Observatory of Coluebia University where he was {n charge of the
potassiva-argon dating laburatory. Thwse analytical techniques also
utilized b gh sensitivity pas 5339 spectrwectry and ullra Righ vacuue
techniques. Other work at Coluablia Ualversity Included low level
dotection of radiue {n husan booe and developmentsl work on low level
nuclear dvtcc(on and counting techniques.

Nr. tologrlvov recelved 8 B.S. {n Chesntstry from City College
of %ew Yoﬂn and {3 8 oeader of the Merican Vacuue Society, the Kew
York Acsdeay of Sclences, the Awrican Nuclear Society, and the American
Assoclation for the Advancesent of Science.




PUBLICATIONS

R. XOLOGRIVOV

A. Walton, R, Kologrivov and J. L. Kulp, "The Concentration and Distributioca
of Radiua (n the Noresl Husman Skeleton™, Health Physice 1, 409-416, 1959

J. L. Kulp, R. Kologrivov, J. Haller and L. Koch, "K-AR Ages on Rocks from
Castern Greenland”, Kature 194, 953-955, 1962

sev J_ L. Kulp, R. Kologrivov, J. Haller and L. Xoch, “Turther Isotopic Age
Measurveents oo Rocks froa North-Lastern Creenland™, Nature 194, 160, 1962

J. L. Xulp, R. Kologrivov, J. Engels and L. J. Cstanzaro, "Age of the Tordsl, {
Norway Pegmatite - A Correctioa™, Geochis. et Cosmochin, Acta 27, 847-348, 1963

J. L. Kulp, R. Kologrivov and W, W. Handleton, "X-Ar Age Measurements on the
Kansas Bascoent™, Byll, C.S.A., 1963 .
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J, LAURINCE KULP, Ph,D.

Pres{dent

Dr, Xulp has directed a wide variety of research projects (n the
general arcas of geochemistry and radiochemistry, These have included
various aspects of the disscalnation of radicactive debris into the geosphere
and blosphere. Major projects have been Projects HASP and STAR DUST (world-
wide radiosctive fallout in the stmosphrre), bicgeochemintry of Sr90 and
€137, povement of buab-produced €4 in the atmosphere, blosphere and oceans,
sathezatical model for the prediction of fissfon products in post-attack diets,
decontaaination of afrcraft frea fission debris, plutonium hazards from non-
nuclesr sccidental destruction of devices and Project Vels Cloud Cap,

Ceochronology has 3leo been 3 focus of study, Investigations have
been made on the development of the owthod of radiocarbon dating and (ts
application to archeulogical and geological prodlems in such diverse arcas
as the constancy of cosaic ray flux, the origin of petroleua and the developaent
of the human culture {n South Ascrica, The K-Ar, Rb-Sr and U-P5 methods of
dating rocks have been developed tn Dr, Xulp's ladoratory and applied to
nuaserous geological prodleas, 1In 1967 8 definitive geological time scale vas
yroduced.

Other fundamsental {nmestigations have been in the field of isotope
geucheatetry as applied to the origln of the Missiassippt Yalley 1rad ores, of
ehe f’orr"'"""}' Conoer T of the & ':?.'*ws." of )0 dume sulfur d(‘pﬂl‘\l, the
urantus deposits of the Colorado Plateau and the age of the guid ures of
Lead, $.D, Studies utilizirg lesd and strontium {sutope variations have
helped shed light on certain prodlems of the evolution of the continents and
occan basins, :

In space sclexe, Dr, Kulp bas been concerned with the geologle
mapping of the soon by garma spectromstry, the sge of sxteorites, the probable
sources of smater on the lu~ar surface and the radiation background to be
expccted in cls-lunar space,

From 1947 uetil 19¢%, Dr, Kulp was on the faculty of Colunbla
Unlurrsity, 2s Profraser of Gevheefstry, [Trom 19854 until 19565 he was Director
of the (eochemintry ladoratory at the laznt fwological Observatorye. He ts
presently asoociated with Col-ahis as an Adjunct Professor, Mo baa acrved as
2 corsultant to industrial fieme, ailitary groupe, and other Governsent
agencica, 1,0, Lean Stardard 011, Maedlde DI, Kennecolt Copper, Culf Rescarch
ared Developrent | Rand Coyparating, U,8,AF,, Amy Ordmance Corps, U,8,A.1,C,,
frdecal Coveriment of Msat (errmirry,

Dr, Xulp was 3 founditg Director of laotipen, Ind, and sezved (n 2
conaulting capacity ae Sentar Seientifie Advianr until Decembor, 1964 whon he
besase Preatdent of the roamjanty, Mo fe 4 peeber of Trllow of the fullowing
sctentifie mofetienl Amcrican thembval %octety, Ascrican Ihysical Saclety,
Cealogival Society of Anrira, Geahealial Sovietly, Minrralogical Society of
Aseriva, Aas cation of Petroliia wnlogiate, Anerloan Geophysical Unfon,
Soclety of Sigma XU, Amrrican Aewntatinn for the Advancement of Sclerce,
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J, L, KuLP
J.L. Kulp, “Origin of the Hydrosphere®, Geol, Soc, Amer, Bull, 62,
326-329, 1951

J.L. Kulp and D,R, Carr, "Surface Area of Deep-snd Sedimenty™, Jour,
Ceol, 60, 148-159, 1952

J.L. Xulp, H, Yolchok, H,D, Holland and D,B, Ericson, "Thick Source
Alpha Activity of Sone 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, Aser, Bull, ¢4, 253-254, 1953

J.L. Xulp, "Carbon-14 Masurcmcnts on Ceologic Samples®, Atomics 4, 1953

J.L, Kulp, "Climstic Charge and Radloisotopic Dating™, Proc, Am, Acad,
Arts and Sci., Symposiun on Clisatic Change, Climatic Change, edt, by
Harlow Shapcley, Chup, le, 201-308, 1983

J.L. Kulp and H.L, Volchok, "Constancy of Comic-Ray Flux Over the Past
30,000 Years”, Phys. Rev, 20, 713-714, 1953

hhdd M., Hilland and J L. Xulp, “Transport and Deposition of Uranfun, lonfus
and Radtum {n Rivers, Ovesn and Ovren Sedizent 3, Ceochinica et Conmchinice
Acta §, 197.213, 1984
H. D, Killand and J,L, bulp, "ihe Nechantswm of Kemoval «f lonlua and
Radium frva the Oveans™, frochinlca et Comochinica Acts 5, 214-244, 1754

A.N. Crosse, A.D. Kirshentwm, J.L, Kulp and ¥,S, Broecker, "The
Xatursl Tritiun Content of Atanspheric Hydrogen®, Phys, Rev, 93, 230, 1984

Ladd C,L. Cate and J.L, Xulp, "lwtopie Conposition of Comson Lrad froe
$o, Africe™, Sci, 122, 970.271, 1988

D.R, Care and J.L, Kulp, "Use of A>] to Determine Argon Dehavior in
Yacwas Systems™”, Rev, of Sci, Instr, 236, 3792381, 1988

D.R, Carr, P.L. Damun, W.8, Broscher and J,L, Kulp, "P.tasstum-argon
Age Mthod® ) Pruc, of Sub, -Cenm, vn Nuclrar Cecplynice Conf, at Fenn
State, Septenber 1788

B3, Clievnd ard O L, Xulp, "Raton Leakage froa Radinactive Minereals™,
An, Mineral, $0, 481.496, 1988

sas L, Kulp, "letuple Daticg ard the Covloglc Tiee Scale®, Cool, Sor, Aner,,
Spee, Paper 02, 0.0, & fige,, 1938
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J.L. XULP, (Publications, Page 2)

K.X, Turekian and J,L, Kulp, “Ceochemistry of Strontius®, Ceochimica et
Cosoochimice Acta 10, 245-296, 19%6

D.B, Ericson, W,8, Broecker, J.L, Xulp and G, Wollin, “late Pleistocene
Climates and Deep-sca Scdiments™, Sci, 124, 385-389, 1986

K.X, Turckian end J.L. Xulp, *The Strontium Content of Human Bones™,
Sci. 124, 405-407, 1956

W.8. Broecker and J.L. Kulp, “The Radiocarbon Method of Age Determination”,
Asericen Antiquity 22, 1-11 1986

D.R, Carr and J,L. Kulp, "Fotassfun-argon Method of Ceochronometry™, Bull,
Geol, Soc, Aser, 68, 763.784, 1987

C.L. Bate, D,S. Miller and J,L, Kulp, *Isotopic Analysis of Tetrasethy-
leaa®, Analyticel Chem, 29, 84, 1957

X.X. Turekian, P, Cast and J, L, Kulp, “Lafssion Spectrographic Mcthod
for the Determination of Strontium in Silicate Materials™, Spectrochim, Acta
9, 40, 1957

¥.$. Broecker and J,L, Kulp, "lamsnt Radlocarbon Measurcments IV, Sci,
126, 1324.13M4, 1957

P.C. Danon and J.L, Kulp, "locrt Cases and the Evolution of the Atmosphere”,
Ceochirica ot Commochizica MAota 13, 327-292, 1974

B.J, Gllettl, J.L. Kulp and T, Razan, "Crochemistry of Iritiu®, Trans,
Aper, Gerophys, Unfon )7, 307.813, 1948

B.J. Ciletti and J.L, Kulp, “Iritiua Trecer in Arctic Problens®, Sci, 129
901.903, 1989 -

A, Walton, R, Xologrivov and 1,1, Kulp, "The Concentration and Distribution
of Padlim in the dormel Hhawn Skeleton®, Health Thysics 1, 407416, 1989

AR, Schulert, £, Hodgey, [, Lechoff and J,L, !ulp."sr” Distridution (n
the Huan Skeletoo™, Health Physics 7, 62-68, 1237

J.L, Kulp, J.C, Cobb, LE, Long end 0,8, Miller, *Crolnglcal -Ha- fcale”,
Xature 134, B.A, 63-RA. 63, 1939

J.L, Kulp, "The Lenlogica) Tine Siale?, proesrted at {nternatisnal Ceol,
Congrens In Copenhagen, August 1760

J.L, Kulp and J.L, Dick, "Radiation Hazard from Contasirmted Alrcraft,
Jour, of Jealth Physice, 1960
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J, L, XULP, {Publications, Page 3)

J.L, Kulp, "Radionuclides In Man from Nuclear Tests®, Agrlc. and Pood
Cha 9, 122, 1961

J.L. Kulp, "Ceologic Time Scale”, Sci, 133, 1105.1114, 1961

J.L, Kulp, A.R, Schulert, L.J. Hodges, L.C, Auderson and W.H, Langhaa,
»Sr?0 and Csl37 (n North Aserican Ni)k¥, Scf, 133, 1768-1770, 1961

J.L. Xulp, "Prediction of the Sr'C Concentration {n the World Population®,
Fallout Conference, U.S. Atoalc Energy Cocalssion, Novesber 1961

J.L, Kulp and J, Engels, "Discordances in K-Ar and Rb-Sr Isotopic Ages™,
Radiocactive Dating, Intern, Atoelc Energy Agercy, 219-238, 1963
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DONALD F. SCHUTZ, Fh. D.
Scientist

Dr. Schutz is 8 penber of the sclentific staff in the Resesrch Departaent
at [sotopes, Inc. In this position ke provides extensive expericnce and capability
to the research staff in tho fields of geochemistry and oceanography. He has
recently been assigned as Mansger of the Nuclear Operations Section of the Ressarch
Dejartrent to exercise over-all technicsl and adainistrative responsibility for
projects involvirg rescarch and developsent of nuclear test detection and on-site
fnspection techniques. Dre Schutz is uniquely qualified for this coordinating
responsibility becsuse of his previous experience as the Director of Project
PINOCCHIO where be supervised the developeent of radiological techniques for the
detection of clandcstine nucledr weapons tests. He also brings 8 valuable geo-
logicsl and oceanographic background to this posftion which requires 8 broad know-
ledge of envirorcentsl factors and thelr {nfluence on nucledr operations projects.
Mis carlier work at lsotopes, Inc. Included the developrent of feproved techniques
for extracting inert gascs from air sa=ples, and the evaluation of {nternal gas
proportiorsl counting sethods for radicoetric dasdy of separsted gases. In
addition to his laboratory studies oo these problezs, Dr. Schutz also participated
{n and directed fleld operations In connection with seversl contract rescarch

prograss.

felore conlig lo lsutojcs, Inc., Dr. Schutz vas a Rescarch Staff
Ceolugist tn the Dnjart-ent of Ceology at Yale Laiversity. Hia work there was
pricarily concerned with the de.client of analyticel teclniques for the detcr-
sinations of trace vlex=nts {n sesvater by reutron activetion and X-rsy fluores-
conce analysis. In a study of the gouchemical proble=s of marine trace element
econcmy and distritution, these octbods were applicd to 8 vorlduide sanpling of
svavater. The sanples Includad those collected by Dr. Schutz in the Antarctic
during the winter of 1963-64 or the oceanoxraphic rescerch vessel ELTANIN. Ko has
#1900 studied the distridbution of silver In Connecticut atreass and the long leland
Sound by enfssfon spectrugraphic aralysis in 8n Investigation of the effect of
fodustrial processes on the trace slement concentrstion of river water.

At Rice University De. Schutz completed o statistical study of regional
vartations tn the chemical compoeition of Lasaltic recks. During the sumesra of
19385 and 1956 he worked for Bear Creck Mining Compiny on geochemical prospecting
projects In the states of Mrine 8nd Arizone. Ce

Dr. Schuty recaived Mo Fh. D, tn Cenloty in 1964 from Yale Unfversity.
His therls var concernod with tlo gecgraphical and sertical distributlon of over
sighteon trace slesent 1h tegweter. Mo reveived an M.A. In Ceology frus Rice
Univezaity In 1958 and & DY, in Ceology In 1936 from Yale Univeraity, M s
& penbor of digre Xi, 1o Loochenical Socisty and tlo Averlian Cenphyslcal Unlon.
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PUBLICATIONS

DONALD F. SCHUTZ

Donald F. Schutz, "A Method for the Determination of Several Trace Elements
fn Sea Water by Neutron Activation”, (Abatr.) Paper presented at Trans. Aa.
Ceophysical Un. 44, 632, June 1963

D. f. Schutz and K. XK. Turckian, "Determination of Some Trace [lements in
Seawater by Neutron Activation®™, (Abstr.) Paper presented at X1!I Cenersl
Asseably, Inter. Unfon of Geodesy and Ceophys. 9, 33, Berkeley, Cal.,
August 196)

Donald F. Schutz, Xarl X. Turekian and Emst Bolter, ™Seutron Activation
Deteraination of Several Trace Elecents n Sea Water by Use of an Internal
Flux Monitor Technique™, (Abstr.) Paper presented at Second Kational
Meeting, The Socirty for Applied Spectroscopy, 34, San Dicgo, Cal.,
October 1963

D. F. Schutz and X. X. Turekian, "The Distribution of Selenium, Antimony,
Silver, Cobalt, and Kickel in Sca Weter™, (Abstr.) Paper prescented at
Trans. Aa. Ceophys. Un. 45, 118, March 1964

X. X. Turekian and Donald T. Schute, "The Trace Llewent Lconaony in the
Ocrans”, Paper presented at the Syzposliz on Marine Blochealetry, Craduate
School of (k'elnogriphy, University of Rhode 1sland, October 1964 (to be
published)

Lrnst Bolter, Karl K. Turekian and Doneld F. Schutz, "The Distridution of
Rubidiia, Cesiun and Rariua §n the Oceans™, Ceochinica at Cosnochiaica Acta
28, 1439-1406, IM_‘

Donald . Schutz and Xarl K. Turexian, "the lnvestigation of the Ceo-
graphical and Vertical Distridution of Several Trace Llem~nts in Sea Water
teing Neutron Activation Aralysis”, Ceochizlcs et Cosmochiaica Acta 20,
259-313, 1968

Doctoral Dissertation, Yale Unfversity, 1964, "The Ceographicsl and
Yertical Distribution of Several Trace Llements in Sea Nater”

Dorald I'. Schutz and K. X. Turekian, "Ihe Distridution of Colult, Nicke},
and Silver in Ocean Water Profiles Around Tacilfic Antarctica®, Jour.
Cecyhys. Research 10, 3519-3828, 1963
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ERIC H. WILLIS, Ph. D,
Senfor Rescarch Sciont{st

Dr. Willis {s Manager of the Scientific Services Departaent st
Isotopes, Inc. He has responsibility for the Mass Spectromctry, Gas Analy-
sis, Radiochenistry, Radiocassay and Solid Phase Analysis activities of the
cospany. A significant partion of the analytical research and routine sarple
analysfs work under his direction is conducted {n support of Frojects MOCCASIN
and PINOCCHIO of the VILA ON-SITE Inspectlion Progrsa. In addition, Dr. Willfs
personally participated in Project Pre-BRECCIA sampling and analysis in con-
nection with Operation LONG SHOT at Aachitka Island, Alaska.

Prior to joining lsotopes, Inc., Dr. Willls was an Assistant Director
of Rescarch In the University of Cambridge, England, He established the oost
advanced radlocarbon dating laboratory {n the United Xingdom with wide applica-
ticas in Quaternary Resecarch, Soll Sclence and Archacclogy. His geological in-
vestigations also fnclude the study of palacotenperatures in foraainiferal
deposits using the relative abundance of the stadle oxygen {sotcpes in 3 doudle
collector faotope ratio ooss spectroowter. The existence of artificial radio-
cardon {n the atrosphere due to thermonuclesr wapan tests 1ed hin to study the
activity levels at ground level and the lower stratosphere using high-Qying
afrcraft of the R.ALT. En conjunction with ANCR. L. Aldermaston. Beirg the
tust prolific of gaseuus fallost products, the distrnibutiun of radiovarbun in
the at=oaphere with time ylelds consldergble Inforaution cuncemning troposphere=
stratosphere nixing tisen. The radioactive cardbon diocida Wiy callrcted on
rolecular steves In specfal wicg-tlp ducts and recovrred by vacuun furnacing.
The orasuresents were (nit{ated shortly ofter the viclation of the mxlrar test
coratoriua in Octoder, 1901 and are s%ill comtinuing.

Dr. Willls {~troduced teaching courses {n lsotoplc Ceochemistry at
Canbridie University ard lectured fnv Quaternary Stratigrsphy. He was President
of the Commission on the Abaolute Ape of Quaternary Deposits vhich convuned as
part of the Internaticwl Quaterrary Associaticn §n Dernver, Colurado in 1268,
At Ca~bridge he wis 3 revder of the comittre dlrocting mwteorological studles
of the (niversity as woll 8 supervising the control ang housing of fadloactive
subatances. s

Larlier in his career Dr. Willls was eaploved by Nucloonic and
Radiological Drrvslopsest Laburatorles in chealcsl dosimetry under the ausplces
of e United Xingdom Atcale Liergy Authority,

Mo racotved hin Ph, D, {0 Madlochomiatry fron Casbridgs University
in 19t snd a B. Sco In 1Y in Physics at Kings College, Loniun,
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PUBLICATIONS

L. H. WILLIS

H. Codwin, D, Walker and E. H. Willis, "Radiocarbon Dating and Postglacial
Vogetational Historys chleby Moss™, Pro. Roy. Soc. B. 147, 352, 1957

He Codwin, R, P. Suggate and L. H. Willis, "Radiocarbon Dating of the
Eustatic Rise in Ocean Levwl”, Nature 181, 1518, 1958

He Codwin and E. H. Willis, "Radiocarbon Dating of the Late Clacial Period
in Britain", Pro. Roy, Soc. B. 130, 199, 1959 '

H. Codwin and L. H. Willis, "Cambridge Univers{ty Natural Radiocarbon
Measurenent 1%, 1959 v

H. Codwin and E. N. Willls, "Cambridge Univwersity Xatural Radiocarbon
Heasuresent 117, 1990

H. Codwin and E. H. Willis, "Canbridge University Natursl Radiocarbon
Meascrecent 1117, 1961

H. Godwin and [, H. Willis, “Casbridge Unfversity Natural Radiocarbon
Mrasureant 1V©, 1961

M. Codwin and [. H. ¥illis, "Casbridge University Natural Radiocardon
Measuremwnt V®, 1962

He Codwin and [, H. Willis, "Casbridge Univeraity Natural Radfocarbon
Measurenent V1©, 1963

H., Codvin ard L. N, Willd{s, "C:rbrld(' lafiversity Natural Radlocarbon
Measure=ent VII”, 1963

H. Codvin and E. H. Willls, "Radiocarbon Dating of Prehistoric Wooden Trackways™,
Nature 184, 490, 1989

E. H. Willis, "Atnospheric Radiocarbon Activity in 1959%, Xature 123, 532, 1960

L. . Willls, K. Tauder ard X. 0. Munnich, "Varfations i{n the Atwospheric Radio-
carbon Concentration ovwr the Past 1300 Years™, Radiocarbon ll., 1, 1960

L. . ¥illls, "Post Glacial Lustatic Kise in Ses lewl™, Inter. Xonf, Ftir Vor-
und Frilgeschichte ¥V, 238, 1960

£. Ho Willis and A, Co Maddoch, "Ateospharic Activities and Dating )’rrx‘;dhnn",
Advances Inorganic and Redjocheatstery 3, Acadeaic Presa, New York 1761

L. H. Willle, "The valtdity of Radiocarbon Dating™, Timee Science Rev, 42, 1761

L. M. Willle, ™arine Tranagreanion Sequances in the Loglish Fonlanda®, Annals
N.Ys Acad, of Sclences 53, 364, 194]
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E, H, WILLIS (Publicst{ons cont'd)

A. C. Smith and E. H. Willis, "The Landnam Fhase st Tallahogy, N. Ireland”,
Ulster J. Arch. (In press), 1962

C. H. Willls, "Radiocarbon Dating", Science in Archaeology, Thames & Hudson,

London, 1963

L. H. Willis and A. G. Maddock, "Stratospheric Rad{ocarbon Concentrations
at 34° X, during 1962", J. Ceophys. Res. (In press), 1963

R. M. S. Perrin, L. Ho Will{s and C. A A. Hodge, "The Dating of Huaue Podzols
by Radiocarbon™, Xature, April 1964

E. H. ¥illis, A, C. Maddock and [. Alonso, "Radiocarboa from Nuclear Tests
1962-19%¢4™ (In preparation)

L. H. Willis and M. Godwin, "Antiquity of Neluzsfua Sceds”™, New Phytologist,

(In press), 196$
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J. MARION WAMPLER, Ph. D.
Consultant

Dr. Waspler {s currently an Assistant Frofessor in the Earth Sciences
Department of the Ceorgia Institute of Technology. Trom 1963 to 1965 he was a
Research Associate at Brookhaven Natfonal lLaboratory and in 1965 served as @
Jumner Research Farticipant at the Quk Ridge Natjonal laboratery.

His research endeavors include fsotepic studies of lead in sedisentary
and oetarorphic sinerals, {n tektites and related rock samples, and {n archaeological
objects and related lesd ores. He has done uranfum-lead sge determirations and
Mossbauer spectrooetry of fron {n clay minersls.

Dr. Xacpler is co author of a nusber of articles dealing with {sotopic
compoaition and concentration of lead in soee carbonate rocks, isotopic studies
of lead in sedisentary pyrite, use of 1aad isotope analysis to determine the
provenance of archacvological »asples, and {sotopic caaparison of lead fram Ivory
Coant tektites and Bosmtwt Crater =aterials.

Dr. Wazpler rucefsved his Fhe Do In Isotope Ceoclsmistry from Colusbis
University {n 19¢3; hia F.A, in Chewtatry fran Pridie~ater College in 19%37. Me
is & nember of the Amarican Ceophysical Lnjon, the Ceochemical Soclety, the
Asrrican Associstion for the Advancement of Sciance and Sigeas Xi.

Fudlications

J. M. Saspler and J. L. Kulp, "Isctopic Compositton and Concentration of L-ad
In some Carborate Rochs™, Frtrologic Studies: A voluze to bonor A. T. Buddington,
Ceol. Soc. Aserica, [03-114, November 1962 :

Jde M. Kaopler and J. L. Kulp, "An Isotopic Study of Lead in Sedinentary Pyrite”,
Crochin. et Cosmxchim. Acta, 28, 9, 1419-1433, September 1764

Jo M. Wampler ond Robert H. Brill, "Ler of lead lsctope Analysis to Determine
the Provenance of Archarological Ramplea®™, (1In Frrparation)

Je M. Wampler, D. N. Swith, and AL, Cavernn, "lactopic Cinparison of Lead from
Ivory Coast Tektites and homantul Crater Materiala™, (In Preparetion)
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Isotopes, Inc.

VI. TACILITIES AT ISOTOPES, INC. FOR PHYSICAL

AND RADIOMETRIC ANALYSIS

A. Mass Spectrosetry 7
The nass spectrometric capabili

instrusents which cover s vide range of a

ty coaprises thres modern high precision

pplications.

A Reynolds Cas Analysis instrument with a3 4.5" rad{us tube and 60°

sector focussing is equipped with ultra high vacuur techniques such that the

ultisate detection sensitivity s § x 10~

' cc of argon.

A Shields type solid source mass spectroceter manufactured by

Consolidated Llectrodynanice has a 12" ra
This is the principal instrnuement for lead
sinations. The over-all sensitivity of t

swrmarized delow:

dius tude with 60® sector focussing.
abundance and fsotopic ratio deter-

hts machine for lcad assay is

Senaftivity

Mes pureaent Precislion As total lead Py soltd ppo liquid or
sarnles soft tissuve
Lead tsot High
rat l“oyo 20«.7’:0?, 20 ug
206/208 to 0.7X definite 8 0.2 ppm
2306/204 to 0.4X $ ug probadbly 1 . 0.08 prm
with & little .
developrent " ’
Lone
3687207,
206/308 to 0,8% 0.1 »g 0.1 0.001 ppm
206/204 to 1X
Lead aburdance
High
by isotope '(Xer 8X of 0,002 » *
. Py ! ¢ o-‘ 0.00‘
d1lution ‘Tolw) Asnusing Do i
blank
Lind .
(Kpprov. 30X of 0.0008 ug 0.1® 0.001 ppm
velue) Arsuming no
blarh

Would be lovered {f vory liw reagent bla

nk 1» echieved
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Isotopes, Inc.

The third {nstriment which completes the wide coverage of lsotopes,
Inc. cepsbility is & Nuclide Corporation RM5-15 spectrometer with 6" radius
and 60°sector focussing with double beanm collection. Isotopic differences of

one part in ten thousand can be messured routinely.

B. Solid Particle Analysis

A filtered air clean room facility is equipped with tvo modern electron

microscopes, & Hitach{ HU-11B with rasolution of § Aand s Philips EM 7§ PXM with
a 30 A resolutfon. 1In addition an optical laboratory is equipped with a Leitz

Ortholux Pol microscope and 8n Aserican Optical Phase Contrast aicroscope.

C. [Imfission Spectrograph
Elesental analysis is performed on a Jarrell-Ash 3.3 meter Ibert-sount,

research grating spectrogreph.

D. Radiocassay

Isotopes, Inc. offers a camprehensive rarge of {nstrumentation for the

scasuresent of high, mediun low and ultrs low levels of radicactivity, details
of which are given below.

Beta counters

(40) Lov tevel - background 0.2 - 0.6 cpa &
range - up to 300 ¢pm A
(12) "edian level - background 1.8 - 2.8 cpe )
rénge = up to 1000 cpe e
(3) High Jovel - background $ - 8 cpm

rango - 100 ~ 2000 ¢pw
(2) Autamatic

ﬁ..‘\l- Chaeleyr . background § rim
‘ range - up to 2000 cpe

T Alpha-Nota Counters - background 1| cpm alpha, 60 cpe bets




Isotopes, Inc. ' . 2 O

Scintillation spectrooeters

(2) 3 x 3 Nal (T1) Crystals, $0 Xev - 4 Mev gamna enargies, e -
resoclution 7.5X% .

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

e

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

Beta-Carsa Coincidence Spectrometer

S LR L

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

Liquid scintillation spectrometer (Ahtautlc) - Packard Tri-Card

Og sl iR et i

(4) Solid State Alpha Spectrometers

Backgrounds .00 « .0}
Resolut fons 20 - 60 Kev
Rarge entire alpha energy range

Total gamsa counter

Rackground - 138 cpe
All ga-ns energies

(2) X-ray proportionsl counters

Range - up to 1000 cpm
(3) Alphs Scintillation Counters

Background - loss than 0.4 cpe
Range = up to 6.0 Mev siphd particles

4 Absolute Calibration Counter
Backgrourd = 78 cpoy f e

Sk a0 4124 Sudtale buiie beuasd

(2) Ce(li) - large volime goma detectors

LaDat e

Reaolution § = 8 Kev
Liwrgy taige = 30 Kgv » 3 Mov

At A w2t

L. lesd-free Ladboratory Tacility

A new letmrstory fecility will be devoled to the project and will

be furnished with lead-free aurfaces ond [1t1i:gs. Teflon contalrers will be

L
I Background = 1 cpw
stk
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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 air supplies,
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