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PROGRESS REPORT ON PROJECT NO. LC-75
E P R T o - o
"Human Exposure to Ambient ‘Air Concentrations of Particulate Lead”

Referencé is~made'hefein;to our.proposal of October 3, 1962, and'tovour‘

gram‘fof‘fheﬁinVestigatiOn of the fate of ambient, particulaté lead in mah,

. was déécribed~Bfiéf1y;ﬁiThe‘lattértpropoSal”dealtwspécifiCally with the?éon— a
Q‘tinﬁétion‘Of fhisiﬁrogramfthrOugh'the caléendar year 1964, As indié&ted,

.therein,“the‘lést‘pridr’experiment'had»been terminated; except.for‘thé com=~

pletion of the analytical work, The two subjects so. involved had completed
their participatidn:as subjects, as of September 8th, 1963, and the data

were yet to be obtained, in full, and subjected to examination. These have

since been assembled’and‘are now being analyzed Statisfiéally‘agdvrépresente& 77

1

graphicéllyg;;
Thé speéifiéfexperiment; now in progress, as described invthe pro-
stal-éf September 4,. 1963, was designed to employ two human subjects; who
had been engéged and were ﬁnder.ébéérvatién in 1963; frém March 19th onward.
The enfirevsgtvof experimental“obsefvationsg'as‘indicated previéusly,kcon—
sisted‘iﬁ thé»ccllection of dupiicate specimens of all food and béverages
consumed, on;évda&—by—déy‘basiS; together with' the corresponding daily
colleétion of all feces.evacdated and all urine voided.. Specimens of.
blood {in duplicate) were obtgined at weekly inﬁervals, Certaiﬁ detailed
physical and clinical laboratory examinations were.carried out, and the
reéﬁitskWeré récorded, weekly., The specimens referred to above wére'
analyéed for lead, in accordance with standard procedures, and all of the
information,‘ihcluding'tﬁe analyticai data, were recorded, transferred to

punch cards for statistical purposes, and, in addition, were charted and

graphed,,on?a wéeklyvand monthly baéis, in such a manner as to portray the
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further propqsal'df”September 4, 1963, 'in which the‘general‘expérimental pro- -
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relatidnships betwgéh‘thelintékévénd output of-lead Qn(a moving temporal basis.;

The'préiiminary,dbservations on these two subjects were concluded at

8:00 A.M. on September 9th, 1963, when the subjects were scheduled to enter

upon a regimén‘of‘exposure‘to lead in two respiratory chambers which were toﬂ“ 't s

‘be operated in paré11e1; under‘es§entia11y idéntica1‘cOndifioﬁs. .
with certaihvdiffiéulfies;;from’time to time5 which were‘reSolved succéss—b
fully) became. somewhat more demandihg,,in ways which‘compromised his

reliability as;the subject of further observations, A decision had to be‘

made at this time whether to risk further expenditures of fuhds and~effbrt, o

or to acknowiédggftﬂaﬁzaimiS£ake’had beenvmade;in hiskSélection;:th‘viéwx L
 ‘of the stérﬁ?négéssity of‘depending ﬁpén thé‘abéolﬁte xeiiabiliionf fﬂe
experimentéi sﬁbjé§t in‘foilbwing iﬂétructiﬁns,’only‘one'courSe was Open,k
and this_subject QQS dischargéd,n (While therresults obtained in the
investigation of thiéféubjéét,nup‘ﬁo that fime, are not a total loss, from
the aspect of the general investigation of normal human subjects, they are
worthless for fhe pufpose of thisbexperiment,‘sqjthat the cost of this
work musf be_regérded:as anuunprofitable expenditure; This is the first 
failure of this type encountered in the maﬁy years of such experimentation,
and whiie it is not an altbgefher surprising‘dccurrence, it is none-
theless unforfunate. The threat of é seéond failure arose out of our
effbrts.to réplacé thié subject without delay, in thatla young mén seeking
employmeﬁt was engéged:prdmptly,(Séptemﬁer 30, 1963) and after a careful
inquiry, examination and observation, was discharged 11»days later
(October 11, 1963). Not until October 22 was a suitable subject found
{with the ﬂélpvof se?éfa1'intereéted persons), employed, énd‘inducted intc

the preliminary stage'df the observations,)‘Méanwhile, the remainingvsubject
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’Unfo?tuﬁately;»at this time, one of the subjects (who had presented us -




of this palr was flrst 1ntroduced 1nto a resplratory chamber on October 7th
1963, despite the necesslty of his ' g01ng 1t‘alone,' and the dec1slon was

muade. to find the Otheerember of ‘the pair at the earliest possible time, to

abbreviate the~preliminary‘period‘of observations by as much as his métaboiic ; 3

behavior would permlt,vand to get him 1nto the other-chamber for parallel o
observatlons w1th as llttle delay as mlght prove to be possible. * The
preliminary'obsérvatiohs*on the latter subject were initiated on Octcber‘zzi

1963, and.were terminated on March 2nd, 1964, at which time it was evident

that his behav1or, w1th respect “to his 1ntake and output of lead was in ﬁﬁ&h&a}
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accord with the Qéé%%ﬁ,pattern. On 'this date. (March 2nd), in the second
resplratory chamber, he~entered upon the same schedule of experlmental o
exposﬁre toflead}es'tﬁat of‘his fellowfsubject {who, as indicatedvabove,ﬁ

had entered upon‘this schedule on October 7th, 1963).

The Preéent Experiment-

In order tc,Set fcrfh the full scoﬁe of the experiment now in progrees, 
and to'separate it‘outvfrom the prior eXperiment, it may be helpfdl to“
‘restate'the.eXperimental'cbjectiVesbbeing sought in both instances.

(a)kIn the‘firsf of these experiments, also carried out with two persons,
subjected, as nearly as possible, to identical conditions, the con-
centration of lead in the respiratory chamber approximated 0.15‘mg°
of lead,(Pﬁ),vas‘leedkeesquioxide. The subjects were confined in their

- respective chambers, first for 3 hours per day on every other day,  for
16 weeks; then for 6 heurs per day, on every other day, for 16 weeks;
then for 9 hours per day, on every other‘day, for 16 weeks; and
finally; for izchours per day, on every other day, for 16 weeks., The

charted results demonstrated the expected relationships. Considering
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V;ﬁiygthggifacts'sﬁa;;eiatlenships“whieh'are‘of primary importance;fthe ST
conc‘:entzféﬁidniof_ie;ad“i'n"‘the- arine ‘and in the blood’ 'o:‘thfe_ two' subjelcts‘i

‘fose in*suecessipe steps;Tih response to:the'ihcreeses*in theqlength’of}m
_the periddsfofvexpespres reaehihg practically identiCal,levels in'the‘urine“

,of?each subject, and‘also in thekbiood-of each subject, at the successiVef>x o

steps, S0, that,‘at the f1na1 step, these values were,‘respectlvely;.fer
Subgect - 0 082 mg. of 1ead per llter (urlne), ‘and O 05 mg. of lead g
per 100 g, ~(blood), and fqr Subject’ 0.080 mg. of lead pte llter"
(urine),iahd”0.053 mg. of lead per 100 g. (bloed), - An extrapelation of
these iindingsh(bybthe simple extension of the slope of the cﬁrﬁe‘of
inereésing'eoﬁeehtfstieh‘to the peiht of ihterseetion with"the'

‘ vertical‘iine at 24 hours'per day) so as to portray the effects_of

-~ such exposﬂrevon‘everyhother day, showed that both ofhthe subjects wouldi

have reached eAdangerous level of absorption (as judged by the threshold

level of O, 08 mg. of lead per 100 g, of whole blood), in that SubJect

‘, at thls point 1n time, would ha had O 084; mg. of lead per 100 g.

(nokets)

of blood, and Subject’ ). wouldihave had O 082 mg. of lead per 100 g.
Vof bloed. (In as much as the experlmental exposure to lead'occurred
on~every other day, rathet‘than every day, the level of dahgerous
absorptien of lead would have been arrived‘atiin ahout half the time
(somewhatpless than 1 year) had the e%pesurebbeen‘COntinuous, that is
for‘24vhours per day, on'everpfdéy. .Or:to‘state the'ease in the terms
of the experiment;‘it>is reesoneble tehcqncihdetthat; had the‘exposuref'

been continuous (i,e.vall‘day‘every day),fat.the level of 0.15 mg. of

lead per cubic meter of air, the concentration of 1ead in the blood would

have reached the level of approx1mately 0.16 mg per 100 g,, in some-

what less than 2 years .of exposure ) It has been demonstrated,clearly,
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' that the respiratory;éxpoéure'df~norma1 men to highly dispersed lead = -

(b

'thus be appreciated on a fairly quantitative basis.-

vseSquioxide in*théxatmOSphere, on a‘schedule which is comparable to that

ofvindusfrial emp;oyment (approximately 40 hours per'week), will not
result in'a dangefousxdegreé of absorption. The influence of dis—

contindity,'in contrast with that of continuity, in exposure to‘lead, may *;

¢

Having demonstrated, in the preceding experiment, the influencé of time,’ =

that is, the continuity of the period of exposure, the next experi-
mental step involved the determination of the highest level of the con-
centration of lead in the air to which a normal individual mightvbe‘

subjected continuously, without incurring a measurable increase in the

concentratibnfof lead ih\his utine and blood (preéumably, without”

significant increase in the "body burden" of lead). This, for practical

purposes, might bevregarded as the intensity of respiratory expésuré

. which, if coﬁﬁinﬁous; would just barely result in a statisticaily"

demonstrable increase in the urinary output (or concentration) of lead, .

without a démcnstrable increase in the concentration of lead iﬁ the

blood, ‘(Prior'experimental evidence has shown that such a situation.

results from ayéareful'adjustment of the increment of lead added

eXperimehtally every day to the quantity absorbed frem day to day

under normal conditions.)

The experimentkwasbdesigned in the following manner. - Two

experimental subjects were to be emplbyéd in identical‘schedules.

- (As pointed*outkpreviously,'the failure of one of the pair to continue

- as a subject resulted in different timing for the two (eventual)

subjects.). Subjecjt’ completed the preliminary observations on
October: 6, 1963, and entered the chamber for the first time on
October 7, 1963, At this time he was subjected; for 3 hour55 to the
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'inhaletioh:Ofkair\oootainihg’approXimately'9‘microgramslof leeov(the ‘
eesqgioXide}?per[oobic meter, This regimen oontinued?‘on'eyery otherw’;
dgy,‘untiltJénue}yrleﬁhglwhén?the‘1ength‘§f‘time sbent withrn‘thev
chamoer>Wae ihcreased:toeﬁ‘hours onkalternetetdayskunder‘the eemegcone
‘;ditioos othérﬁiée,‘ | | |
The uceoond “subJect .5 ‘was engaged\ in the’ preirmloer& obser_;:"v‘.v
vations from October 26th 1963 until March 2nd 1964, when, for the
first time, he entered the resplratory chamber and was subJected for
3.hours to the’inhalation of air containing approximately 9,0‘mioro_
grams ofoleed per cﬁbio meter,' He will'contihue,onder~thisf:egimehq»
(on aiternate days) ‘or a4per10d of tlme eculvalent to that spent by
;the flrst qubJect (‘) under these condltlons, namely 14 Weeks,k ‘At
the end of “that tlme, he too w111 enter upon 6-hour periods of exposure
to the. same condltlons, on: every other day.
When each of the two subJects shall have completed the second
step in the'experiment, as described abov65 the duration of the period
' of exposure on alternate days w1ll be increased to 9 hours, and after .
- that, in all 11ke11hood to 12 hours. Then,.after such periodeas may
be necessary, if any, to restore the subjects to base-line status, the
experiment will be continued at tWice the concentration of lead in the
‘chamber, It‘may be necessary;to advance the conCentration,to three.
times that of the initialf This seems unlikely, but remains to be

determined by the results of the prior experiments,

Results of These Investigations

The results obtalned by ‘the experiment which has been completed (the

1n1tlal experlment descrlbed herein) have been reported verbally to the
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sponSérévof fhis'program‘df;invéstigation. As soon”as_the resuits~df'the f

terminal part (post-exposure) of'fhisféxperiment have'beeh‘chartéd,”(the ;:,

last of the materials foube[énalyzed were obtained on September 8, 1963, and
were p?écessedﬁonlyY:écently), they«are\being‘subjected'tO‘statiStical’analysis  5f.'»

fand”graphic1répr¢sentatidn,jéfter which, as soon as possible;‘é,formal)xepbrt%a

. will be brought to completion,

The dutcome bf%the experiméhtiwhiCh’is now‘undér way has to.be

appraised at the end of each step, so as to indicate the course of successive

steps. 'All that can be said, at present, is that the intensity and duration

‘of the resplratory exposure of the flrst subJect ’) 1n the flrst and

second steps (to a;rkcontaining‘Q micrograms of lead per cubic‘meter)y were .

" not such as to furnish any demonstrable evidence of an increase in the rate

6f the ébsqrptibﬁ of iéad. " That is to say,bthat the degree of absorption
(if;aﬁy) which occurred uqdef these conditions, in excess of that of the' 
control period, wéslﬁeloﬁ the'threshold of experimental detection. This;
it should be éaia, Waé‘thevexpectéd iesuit, for the‘conditions‘of the first
and second‘steps‘ﬁére intended tb”be below the‘threshold, since it is the

objective of’the'enfiré’expérimenf to reveal this threshold.
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Robert A. Kehoe, M.DY,
Principal Investigator

DATE: April 19, 1964




