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ANTERNATIONAL LEAD ZINGC RESEARCH ORGANIZATION, INC,

885 MADOON AVENUE, NEWw YOAK, N V. SO0IP

TRLEP=ONE 87990000 IAREA COOU P\
SASLE ADDRIES: NYWERD NEW YOAY

> Ses 100 9t Whbbanpm ,’ hbm” 3' 1%7

Tot All Mezbers of the Lead Envircomental Bealth Coemittee

Res Projoct. 1H-119 Tbe Use of Lead Isotopic Conpoeition
as an Envirocowntal Trecer

Attached is your copy of the six montd progress report, also & dallot oa
vhich you vill i{ndi{cate your vishes as to the continuation of this project
during the reaminder of the yewar. The ballot should de nmxu&to\»by

Mmry 0. i

You vill remember that the first six scaths of this project was planned

o develop the physical capadilities for microchemical 1sotopic analysis

of lead from euvircwnlal sacpies. 5ince B0 Olber labomtory availabla

Lo us has develojed this capability, & good desl of groundvork vas pecessary
oo the part of lsctopes, Io¢. A pev ladoratory bas been bulilt eod set aside
excluslvely for our prolest, A mater of enviroosental sexples including
alr, vater, and soil bave deed analysed and the feasidility of doing this
vork has been estadblisded to our satisfacticn.

In reading the results obtained in the progress report I viah to cautica
you that these results are included merely ss descrnatraticcs of the cooe
trector's ability to oake these soalyses and are not tO be construed as
represeatative of anrtaing 1a the eovircomeot. Because these results are
POt represeniative, I vish to0 cavtion you that they are OCAFIDEMIAL and
must bot be Alstridvited to upauthorized parsocnal. As you kacv, this proe
Ject, together vith maay of our ciher euvircvamental Lealth projects, are
very sensitive 1o their txzplicaticns and premature dlsclosure ot results
could be noet wnlfortusate.

T™he Aserican Pwtroleua Inretitute has alresdy glven thelr owrov% to the

one-yoar axtenslco of thils cuatiract, The 11250 Board of Directors has
allorated the fundé tecessary Lo ccmplate the projest. It remains caly
for our Mhvircreoental Health Coomittes Lo aspress 1t Approval defore we
cAD Autherics Wthe work 1o gn om. Lecauss the 147 cperation of this pros
Jont has been plannad as B (oasyear Activity and becauss & coxplete year's
vort has already been plasced, ve are asxing that you vite o this ona-year
Oxtenalon Ae & {Ackage, ratlar thag conaldering Mase 11 and jhase 111 eepe
arately, as originally cntlired L0 you laat year,

Very truly yours,

o G, hovler
Project Manager
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Tot Don G, Povier, Project Maoager

Date

Me: 1H-119 The Use of Lead Isotopic Composition
as an Fovirooocents) Trecer

Interoatiocal leed Zine Pesesrch Organizstico, Ins.
2R ¥adisco Avenuve
Bev York, N. Y. 10017 : BN

T approve the comitmect of $37,000
of ILZRO funds, pPlus an equsl anount
froa the contridbution of tde anti-
mock mmgufacturers in support of
fuase II and Fhase III of Project ’ - i
IB-119, Wy approvel is made with the
understanding tLatl the American .
Metrolaua Iostitute contiridutes an : I
sacnt of ncoey eqaal to that contrie ) e
buted by the laad industry, or
$7%,000, L™

I 40 ot spyrove.

Cigwture

Pleass return ballot by Ndruary 20, 1967,

N 476.01 .
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INTRODUCTION = Profect Orientation

4} The pain purpcse of the Project s to desonstrste that lead
isotopfc ratios can be used to characterize the various prisary sources and
roeservoirs of lead in man's cnvirotment and thercby rmake available a useful
tool to obtain {nformation on the origin of particular environmental leads.
Lssential to this aim 1s the establishment of & clean "lead frve” laborstory
and micro~chesical techniques that will permit handling both mfcro- and macro-
sarples wvithout contamfnation.

The analytfcal progras planned consists of the measureseuts of
1) lcad isotopic ratios, ) very low lead sbundances by isotope dilution
techniques, and 3) low levels of ano. The above activitics and the develog-
ment and evalustion of auitadble amalytical techniques cosentially coeprise
Fhase 1 of the Project shich is the subject of this report.

Fhase 11 fmvolves conlucting a feanib{l(ty study of the tsutople
cRaracterization of lcad {n primary sources, cnvironscntal ndfa, and in man.

Thase 11 has been actively anticipated by inftfating a library of savples froe

pertinent locations no that the Project mafntafrs its continuity. A third
phase of extended environoental studics can then be undertsken profitably
with the essentfal paramcters cstablished.

$2cclalized ledoratery facilitics
Clean Laboratory
To factlftate working with very lav level lesd abundances with a
sinisus of contanination & cleen laboratory was constructed. S$pecial attention
s given to sources of background contastnation of lead, This 600 “.2 clean
laborétory with "lead free” paint, plusbing, and specisl huods §s now In full
operation. Mebe up atr fs pruvided thivugh an extended surface filter. T
exhaust hoods and one clean a1 hood arc used for preparation of all reagents
ard samples, and cleaning of all lalnare,
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Labwere

In the analysis of mfcrogram and subricrograns quantities of lead,
the use of borosilicate glassware can be 8 srrious source of contanination.
Consequently, relatively sirple procedures have bLeen developed for chenfcal
“Epparation of lead, which require alrost exclugively laberatory equipsent
'of teflon or fused quartx glass. These muterfals have been sclected be-
ceuse of thelir inertness and low lead content. Polyethylene or polypro~
polene lobware are used, prisarily for the storage of solutions, in circum
stances vhen it {s not subject to cheaical or thermal degradation. S$mall
1 a1 teflon beakershavingeonical bottoms and 10 al beakers huvingtight-fitting,
vented caps were fabricated. Transfer pipcttes ard sinple fon exchange
colurns arc rade of fused quartz.. Specially cut polyethylene bLottles serve
88 dust-free containers for rinse water, {sothersal stills, &nd dust covers

for storage bottles.

Lobware used respectively for micro-sazples, macro-sasples, snd
tsotope~dilution are hopt scparate from cach vther amd are cleaned in separate
nitric-acid baths and rinsc weters. :

Lead tn clicmical reagents fs the most {aportant source of contam
ination in chemical scparetion of lead. The prucedurcs developed for separa-
tion of lead in this work ase sisgle ones requiring 8 relstively ssall mumber
of rragents. The resgents which arc used {n largest quantity have been pre-
pared valing as & base the highly pure water from & fused quarta glass bi-dis-
tillatfon unit. The lead content of thia sater 1s $ 0.02 parts per billfon.

$ooe reagents are commercially avatlable with wfﬂclom)} low
levels of lead. Specially pure HF, KCl, KO, ard m‘on reagents have been

made by vapur distillation end Iaothernal distfllation as Indicated in Table 1. -

The moat feportant of these have Leen analysed fur leed content which {s also
given in Table 1.

L)
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TAELL 1. Lead Cuntent of Chemical Reagents

Reagent  Cencentxetion  Rrspaxatien Procudure -2 Conten .
H20 - Distilled, Quartz Still < 0.02
HF 20N Vapor Dist{llation 0.17
HQL 8.8 Vapor Distillation 0.19
b | . Dilute 8.8 X with quarts
distilled water n.d.
KH O ~3N Isothermal Dist{llation A
1N Dilute ~ 3 X with quarts T
distilled water in process
Hc1o, conc. Purchased, C. F. Saith s 2. v
HNO conc. Purchased, C. F. Smith 2.01 i}
1 X Dilute conc. acid with quarts 15
distilled sater n.d. 1
conc. Redfstilled 0.02 §
M:DO: crystals Recrystallized using quart
¢istilled vater - in process
&aClz 0.5 X Dissolve comscrvial CuCl
1n 1 N HCl; pass over
’ coluan to remae lead in process
Anion [xchange Furchascd from Blo-Rad
Resfn AC 1 x 8 Laboratories; cleared with
vapor-distilled HCl and with
Quartz distflled wmter in process
NOTL:) Reagents for shich no deternimation of lead (n.d.) has been mede

or are in process are used only In small quantitics. Latirmted
lead contents suggest that their contridution to the overall leod
blank should be negligible. The velidity of such estimates 19
established by blank rune on the entire lead separation procedure.

Sa
'w‘t..
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To evaluate the problem of airborne lead contamination teflon
evaporsting dishes (400 ml cepacity) contafning an acid solution are exposed
to laboratory afr. These results are given in Table 2.

The cxposux;o in these tests were pore than 100 times that of any

sarple preparstion time; furthersore, in proctice the sasples remain covered
at 811 times. .

Sample blarks are 2130 processed periodfcally through the cosplets
chenistry as & test on the total procedure.

Apslyticsl $tandards and Intercelibzetion

The amalytical standards consist of & grovimetric lead standard fu‘r\}
calibrating the spike solutions, calidrated spike solution standards for )
sbundance measuresents by fsotope dilutfon, and {sotopic reference sacples
for inter-ladoratory calibration on fsotope r3tio aasurcsents.

Cravimetric Leed Sterdard: Cerefully prepare standard solutions of
l1cad have been prepared frua spec-pure lewd pxtal at concentrations very close

to 1 ag/al and 10 pg/nl. The {sotopic coeposition of the spec-pure lead has
beon deternined.

Spihes: A solution of Po-204 w3 prepared from 99.3 percent en~.
riched Pt-204 and containe aspproxinsately 3.1 pg Pb/ml for use in lead dlank
pedsurenents and other sbundasnce peasurements by fsotope dilutfon techniques.

A double spike contalning 100 eg of 73 percent enriched Fb-204 and
CE 500 »g of 92.4 percent enriched FY-197 are on hand for evaluating any mass
discriniration correction facturs in the nass spectrosetry.

p Isotoplc Reference Sanpless T fnotople referonce sanples are uvaed
1 for Interlaturatory cosparisona, N5-200 fs the Xational Burcau of Stamdarda
j 1cad fsutopic reference stardard and T-1003 1 that prepared by a proatnent

Canadian (Toronto) rescarch groug. The Initial project retlo wirk 13 cospared
] vith Ni8-200.

&
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TABLE 2. Afrdorne

Lead {n Laboratory Afr

e . Pb Content Rate
Jecation Iize exposed —rg___ phr
1. York bench® 15 days (31 Aug - 1S Sep 66) 1.1 . 0.0031
2. Fume hood® 1S days (31 Aug - 15 Sep 66) 0.9  0.0028
3. Work bench 16 days (28 Oct - 14 Nov 66) 2.178 0.0083 ¢ .0002
4. Vork bench®® 7 days ( 1 Dec = 8 Dec 68) 1.87 0.0111 & .0001

*Samples collected in laboratory room adjacent to one used for preparstion
of all profect samples during period vhen Clean ladorstory wes being resdied. |
Others collected in Project Clean Laboratory. I

**During collection of this bench blank slthough sone saintenance work on the
Clean Lad became neccusary end the bench blank accordingly increased slightly,
1t 1s still at a level which would not be significant even if the sample wvere
pot cuvered during preparatior.
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Hoss_Spectrometry
Lead {sotope retios and low lesd abundances by isotope dilution
are measured on & Consolidated 21-703 s0lid source moss spectrometer. The
mltiple filament fon source has been evaluated in 8 series of experisents.
The fonizatfon efficiency, stadility, and background signal intensity were
rost satisfactory with & technique using 8 single filament with boric oxide.
Eveluation of tantalum and tungsten filaments showed that the lowest pos=~

s!bln backgrounds in the cassregions of fnterost for the lead work could de
obtumd using tantalum.

Prelininary experisents suggested that lead -lxht be stable in
silicate melt at higher temperatures than in & boric oxide melt, and hence’ '*"
mnight be fonized with higher efficlency. Ixperiments were sade with ﬂumn

loaded with mixtures of calciua oxi{de, boric oxide, and ailica. Complete re-
acticn to form 2 homogencous melt w3 difficult to achieve {a vacows, Llead
fon signals froa such melts were subject to unsatisfactory {natability. A
wre corplete ofprsarh to horugeneily (cosplete reaction of silica) wos
achieved by heafing the mixture in 8 nitrogen stzosphere rstber than §n
vaccvo, and in this case the resultont lead fon signals were wuch nore stadle.
More experiments sre nceded to estadlish that an improved sensitivity can be
schieved with this type of matrix on the {ilasent. Because preparstion of
such borosilicate melts {8 not a sisple prucedure, their use 18 not recoamended
for ordinary work. Tor extensive work with sub~sicrogres quantities of lesd,
further study of borosilicate pelts could prove worthuhile.

Isproved transnission in the fon source has been achieved by resving
(the central part of) the defocus plate and the discrisinator plate. éﬁw
tronsmisnion sffictency of the lon source {8 f¥pruved by at least 8 factor of
ten, an Isprovesent essentiol for 2atinfactory lead laotople sralysis with
sacples of the order of 20 micrograne. These changes aleo reduce the [nten-
pity of the background speitrus In the lrad mass reglon.  This spectrua con

sisty of aggregates of light eleecnts and spparently originates from the parte
of the fon source which are heated by the filacent, rather than from the
filasent {tself.
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In order to reduce the effects of certain systematic errors on the
precision of léad isotopic snalysis, a well-defined procedure for mass spec-
trometry of lead has been developed. The criterfa sstablished in this pro~-
cedure require 8 strong lead fon besa (close to 10"11 saperes), snd so is
applicadle only to samples of more than 10 ilcmgru‘ lead. A lower level
of precisfon must be accepted for samples of less than 10 micrograms, be-
cause an eslectron multiplier detector must be used with such sarples. ,

Because for this project it i3 necessary to work at sasple levels
of about 2 pg of lead and consequently an fon beas in the renge of 10732 to
10'" asperes, and in order to achieve the level of precision necessary, a
new system for measurements of the output of the fon detector (vibrating reed
electroacter) has been consfdered. The nev systea would eoploy an lnfegn‘tlrg‘y
digital voltmeter, an fnstrument with both a vider useful range and much _
better linearity than & strip chart recorder. The use of such equipeent would
also elirinate the usual systrmatic errors fiitnduced by ecale factors and
chart resding.

Ex-210 Analyeis 1n Eovirommental Sesples

The procedure for a very sensitive sethod of FV-210 measurvsent
fuvolves several steps: separation of Po-210 from fts dsughter products,
allowing Bi-210 and Po~210 to grow back In for several sonths, & further
separation of the daughter products, and counting of Po~210 G-activity as a
seasure of the F-210 present.

¥oarly cosplete recuvery of lead ard polunive {s possible. ‘ Vari=
ation in polonfum recovery i» minimized since ft I3 alwys deposit #roa
an fdentical matrin. Tadle ) tllustrntes the recuvery using Fu-208 o 3
tracer. 1n the test reaults the truperature ma allowed to vary betwoen
35°C and 93°C resulting (n a 91X ylold, Yielde of sbout 99X are attaineble
8t constant solutlon teeperature of 27°C.  Percent recuveries were gravie
setrically deterained,

S U USRS RS ; — .
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TABLE 3. Separstion of Lead, Bissuth, and Polonium

Ivpe » ~ Ph Recovery Bl Recovery Po Recovery

Wash effluent 0 o -
Strip effluent 9N HC1l - 93X Con HC1 - 973_ Plated ~ 91%
Dpe added/found 208 ¢ 6/201 + 6 208 o 6/~ 208 + 6/210 ¢ &

Lead Isotopic Ratio Measuresents

Range, Precisjon and Lixits of Detection. The fsotopic ratfos
206/204, 2067207, and 208/207 are used §n arder to show the miximus raturel
Pbo-isotopic variation with the best analytical precision. These ratfos ha\vo‘;
a range in nature from 8 to 20, 0.5 to 2, and 2 to 4 respectively, with tvlc;
this veriation possidle for so-called anamlous leads froa certsin primary
sources. The precisfon presently attainable is 0.0, 0.3 and 0.3 percent
respectively on sasples which yleld 2 ug of fead. The lower linit of de-
tection of Jeed abundance with these techniquey §8 a few tenths of 3 part
per Villion or better.

Rrelinipary Revulls

The lesd fsutope retios shown In this repurt are only prelisinary
tation on certain prinary sources ard envirormental sedid which were spot-
cheched to give guldance early in the progras. The range of 206/204, 204/207
and 208/707 rative fourd are plotted in Figures 1-3. A {rv prelisinary obser
vatiors can be made. £

Ta asnple results shown §n Figures 1-3 conslat of 1) threo air
particuliate sasples froa Newark ard Metuchen, N. J. and from Nanuet, X Y.,
2) wight TLL savpies watrasted froa gasoline, 3) five lead ertal aasples uaed
in TEL menufacture, 3) five gimas ssoplea and aeven aull sasples from a pro-
file acrusa the X. J. Turnpihe 8) a surface ard buttos (16-1:2 inch depth)
sull sasple frum the top of 8 ridge {n Rinpwod Btate Park, N J. (Rock out-
ervp of the arva §8 dated at 1 buy.) 8) 2 sasple of leaves assoelated with

rd
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the grass somples, and 7) & cocal and resulting fly-csh sasple from a power
generating station. :

The lcad §sotopic ratios obtained to date show very promising
possibilities. The wide range ratios in soil §s to be expected since ft
represents the wide nstural variations {n prirary source leads. Seven soil
sarples taken {n a transverse profile (Tigure §) across the N. J. Turnpike
51\}0 8 linited range of ratfos. A soil core taken from the top of a ridge
fn Ringwood State Park in the N. J. Highlands shows 3 greater range. Al-
though the ratios do not overlap thuse from the X. J. Turnpike soils the
top inch of the core »as only slightly removed to the right in 206/204 ard
2087207 ratios whereas the buttom of the core at 16 in depth ws distinctly -
different. It appcars that striking cvepositionsl differences are pnnn’di ‘

TN

over short vertical distances in the sofl.

A pusber of sasple types In Figures 1-2 gave si=tlar, rather limited
ranges of Isatopic ratie. These Include afr particulate, TIL, lred metal,
liaves, grass and the turnplke sof! profile. Lead In coal and the Traulting
fly ash samplcs collected at @ puwer generating statlon gave the Bbase faotopic
ratios and appears significantly different frua the above group. .

Lenglusjony _

The progress of Fhase | of the profect has been In accordance with
the schedule outlined in the vriginal proposal. The lead free laborstory has
been cospleted and 14 functioning, lead free reagents bave been prepated and
tosted, and stardands have bLeen obtaited and prepared. The liaits of detection
are satisfactorily defined jntercalibration, ard precision and sccigacy mon~
ftoring have been started and will continue thruughout the project.  FProced-
ures fuor Me710 have bLeen eatoblisted amd evaluated. )

Atwlyson of typieal ervirnremental sacples have verilied thet there
f» conafderable vartation §n the lrad lautople raties atd tislicats differences

botueen some oivirotwental sedla. A rother estonsive sarpling progras is

utdervay with a Jibrary uf over 100 panples Incliding serles of vegetation,

™y
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soils, tree-rings, sir filter hvpln, gasoline, coal and fly ash. This
effort {s continuing in a systematic manner.

’ A
i
iy
] . . ,
; age n
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The pilot studies to be conducted in FPhase 11 sre represented gra-
phically fn Figurwd and $ and Table 4. TFigure 4 traces the path of lead
froa prisary sources into the environmental sed{a and man. It moves from
tho}rtn:y bedrock sources including mincral deposits through the radon gas
| phase and through nining and smelting into the enviromnment as industrisl

products or as effluents. o

The ¢ffort will be directed toward testing the feasibility of
using isotopic characterization ss & means of distinguishing various sources
of emvironmental lead. An atteept will be made to fdentify and characterize
primiry sources such as bedrock, mincral doyou.nn and special types of sofl,
irdustrisl products and effluents like coal, fly-ash, and lead alhyls in ‘
sasvline, icad In fuel otl, paint, galvanizing and solder. Background infor—
aation on the sarples aralyzed vill be studied to understand the origin of

©o

the {sotoplc curposition.

é Through environmertal sedia lead becones available to man. Afr
7 particulate retter will be saspled at representative spots throughout the
New York metropolitan area. Leed factopic ratio measurements will be made on
exchange sazples from forner and current studies where posatble and which

repeesert extrencs of lead a'nidance and/or vther hnown pollutants. Lead In
wmiter froe public water systees will be cospared to lead In hot \-ut&ynm
The latter are known to be characterized by aub-

¥Yrgrtation adjacent to beavy turppihe trelfic will

having snldersd Jointa.
3 stantially hgher lead.
be compared with soll-anl air particulate In the mame or sinilar setting.
Tplcal fooda, 18bwece and other plant types will be aralysed for P-210,
lead abundance and (sotuplo coapunition.

Freliminary data on man, vis., bld, urire amd fecjon In addition
to sir, vater ard fiod will be ubtatned. Mowever, an extensive study of men

In general frua seproventative age groups, emvirvnsents and occupat fone,

b o 2 e e -
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fncluding cadsvers of terminal patients with known histories, must swait
Phase 111 because of the magnitude of the probles. Sampling for this phase
of the study will be done concurrent with Phase 1I. The guidance and co~
operation of experts in lead biochemistry will be sought.

Being an industructable trace element, load {s recycled in the
environnent and biosphere, fncreasing i{n abundance in the main repository,
s01l. To evaluate this factor and to place the results of the environmental
saspling progras into historical perspective the feasibility of using tree
ring sequences will be cstadblished. :

Figure 8 shows the type of sasples collected in an cast-west pro~

file across the N. J. Turnpike about aidway between Philadelphia and N.Y.C.

and soec distance fros any towns or factories. These will test and cospare
the lead adundances and isotopic ratios between grass snd leaves and between
vegetation and soll with distance froa » heavily used traffic artery. Table
4 1s an outline of Phase 11 samplas. The uug-snu in shifch certain select
sarples will be analysed for lead abundances ord lead-210 sre 8180 indicated.

.Throughout Phase 11 we will continue efforts to develop cooperstive
research with other groups such as the Rutgers University group (Project L-8)
and Rublic Health Service.

T T e
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FIGURE 2. Lead 206/207 Ratios in Environsental Media
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TABLL 4. Outline of Sample Types (continued)
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