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| INTRODUCTION
o ?ihbfhe last extensive report of the progresstbf this investigation of

‘the‘fafe‘of an inhaled‘COmﬁéund of[lead in a finely divided dispersion in the air,
sOﬁe‘of théfpreviousiw0fk‘offthé»Kettering‘Laboratory on this subject was‘reviéWed,
'and the pubiiéatioﬁs résﬁlﬁing‘thérgfrom‘were,cited. "Out of fhis,background of f
: informatioﬁ‘hadchme-a méthod of approach to fhé probleﬁbat isSﬁe, eésentially that
of determining thé’rolé(of'zigg in thé absorption and retention of léad in the
animal'~ in - this instance,:thé:humah - organism. For time, as represented in the
',dufatibn df the iives of'beop1e:who iive‘and breathe in an afmosphérébcontaining
iead continuously, sets a¥limi# §n the'amoqnt'of lead which may be in the}réspired
‘air‘thfouéhout”thé 24fhoﬁr aay over the period of weeks, monthS'aﬁd'years of'a”’
i ;ifefime.' The concentrafion of lead in the éir, apart fromilocalize& fadtors,
varies'from time ﬁo fime’and ffbﬁ.place to placé; a; in tﬁé‘ééntef“or peribhery of

5 ;hg‘cgﬁhuﬁity,viﬁ;fhe suburban or rural area, in the street Qrvpark;‘and in the -
 ¥7gd%fige; éhop”Cfﬂhéme?(ény 0r éiilof~whiqh may be air—cénditionéd):” ééééking

‘fééne%éily; ﬁ§Wevéf,.ﬁhéfel&ill bé an avérage‘value yhi;ﬁ‘éharaétefiée$ ﬁost of fhe 

‘{ég&égﬁf*aﬁ*of&eriy:iife ds‘betﬁeén~fhe hours of waking, working,‘feStihg‘and«sléeping,
dﬁringuwhich'the-?eSﬁirafion varies in rate or voluﬁefor bdth. If’thié Eﬁg{gég valqé o
is low énough, whatiwith‘Fhe funptional variability, seasonal and otherwise, of the
reasonébly héélthy; ﬁd?mal ihdividual,-iﬁ absorbing lead into thejbo§y and
eli@;ngfi#g‘1§ §herefrdm,'thé‘amqunt théh aécumulateé ih ﬁhé body:over a lifétime , 
}épainSiinséghificéﬁtfffoﬁ‘the'aépect ofvité potentialitiés £or ihdueiﬁg'hérﬁfhl
' ié££e¢tS- tiWﬁéthér or not lead; wifhih certain limits of conéentration in‘the Z
Jinferﬁal ehv;rbnmentbof the human body; is an essenti;i‘element; or is even useful
?t;times, is'a moot questiéh; and thosé Who woﬁld presume to adjudge,this mat?er,

. éf,this.time, are sadIy‘lacking in appreciation'of‘thé‘complexities of the mineral
”i'ﬁefaBOIism,iénd of?thé hiétOry'6f°the disybferiésfof thé pérts playéa«by other  



’trace elements in animal and human physiology.) It has not bgen possible, up to
‘fhe’éfeéenﬁttimé, té definé‘the’pfecise limifs of the variabilify of the concentration
of lead in the é}r breafhed by“individuais&or groups of people in any part’of the
humén population;v Néither i$ it. feasible to eétimate the magnitude of the reépiratory
ihtake of léad,with sa#isfactgfy precision. Moreover, the éxtent of the absorption.1 
of Ieéd, iﬁ Various chémical ahd physical férms, from. the respiratéry tract,‘is“
unknown in precisé terms, as is also the early and ultimate disposition, within and
vfo the outsidé of fhe body,‘of the lead which is retained in various parts of the
-vrespiratory tree. Anothér difficulty in the elucidation of the fécts in these
‘matterérliés‘in the seleéfive:absorpfion‘of lead by the‘skeletal'tissué of the hﬁmaﬁ}“
bbdy; wheréby,the*bulk‘of,the;ébs¢rbeq lead finds its way, fairly @rompily, into

#ﬁié tiééué. Ifs relatively slow ahd highly variable metaboliém (as’between‘the
‘brélativgly avascular, deﬁsershafté'of the long boneS: for‘eX%mpie;’and the‘highly“‘,x
VasculgrJ gppngy’medullary.tissue of flat bones) tends to reméve(mgéh‘of‘the’_

. available leéad in the body from the more rapidly moving secretory and excretofy"‘

$Lreamsofthebody : J“An"d jf‘i;hyus‘,f while the lead éo’nt‘ent'ibf ‘the »mo@a’ of «ah«,vind‘i;vidual,
"Jgééauééfof%ifé_participation in\the ¢harapteriétic patterﬁ‘of the distributioﬁ';"
‘J-Lgff%éaﬁjiﬁ hiS»ﬁsoféf tissué; yields a reasonably_satisfactory,eétimate—éf the
quaﬁtiﬁies éf léad:ih,tﬁesé §dftjtissues, it may fail to revéal fhéistatus of the
skgletbﬁ iﬁ:this régardf:iﬁfany'dthérbthén a rough approximation, uﬁleés the. entire
‘ﬁégtofyi6f{£hé}éxpefienée of fhe'individuél, with feépecé to his §ppdftunities far
'*uééﬁgésﬁre fbjiééd;fi§fé§éiiablebaﬁd fiustworthyf This poses‘aVSerious.QbStacle to
}i%£; éséé$sﬁeht dfvéhehbédy Burden of 1eédeithihithe intact, iiVing'pérsdh.i_Thé
:naturé‘énd‘fhé signifiCénce;of thisvobstacle seem. not to be appreciated by most of
those who télk and wriﬁe ébout‘thé "body burden" of 1eadvand its importance. For
.i;»ﬁqstibéhapparent thaf‘this éame retarded metabolism in the ékeletglvtissues

,fbt@vide$fa factor of safety for the entire organism, in precise proportion to its
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efficacy_in limiting fhe“fiéw‘gf‘"accuﬁulated"‘léad from the skeleten into the
stream‘iﬁto (andiout 0£$fthek"soft",tiséues, in which toxic effectsbﬁay‘resultbfrom
thé preSence'bf‘sufficientlyjhigh,céncentrations of lead. The "body burden” is
potentially imporfaﬁt, noldéubf, but the 1eéd which is available to exert physiological
or hérmfu; effécfé'is tﬁat,which;ié;most'actively engagedrin the mégabolic affairs“
of the oréahism; -The lével of tﬁis "acti?ély eﬂgaged lead" is that which is
revealed joiﬁtly, in the»physiologically intact ofganism,'by the lead content of .
the blood and fhé*ufine. It is in this context that the observations-of the past
~ several decades‘in the'théntially or acfiyely hazardous lead-using industries, as
well aé the fésﬁits éfﬂégpériﬁénts ih’the Kettérihg Lébo}atory'ahd elsewhere, ﬁave
‘beeh éble, in practice,,to’differentiate between hazardousvand‘ndn—hazardbus typés
":and‘deg:ées.gf expoéufé‘tou;hd absorption of lead. Therévare thoéé‘who are in
'~:gfé;t:doﬁbt‘asbto tﬂé abilitygéf'the thsicians'in ouyr tiﬁe fo detéét:andvinterpret
.the effects of the abéorption of ﬁin@te‘duantities of lead; -who believe, or

’gpurportffp beiiéVe, apbf€hénSivé1y, that there méy be "subclinical” effects of the

‘rpﬁionf?fiiééd? Whi§h; fhus far, wé‘havé been ﬁnable},by ény‘méan§ ﬁt hand:wtoi‘
dlscoverSuch maybethe ":c’a‘s';e“in thé futaure,‘ as indeed it has been found to I:.)errin
theLrQCehtrpést?:in which cérfain deviatibns in the synthesiévéf hemoglobiﬁ ha&e'
éoﬁe to 1light and~arern6w déﬁonéﬁfable as elevated levels of’théléoncehtration'df
*cbpxopgrphyrihviII'and deltaFamiﬁo—levulinid'acid; Wﬁile thetsignificénce of thesec
igbiéégemiqél'ébefrat;Ons iﬁirelétibnjto incipient plumbism:hés not been.fully
‘ [??§éidgtéé;‘tﬁéy éeémvdesfiﬁéd to be7regérdéd as functional pathoiogy, which only

f% shéit‘éime:égavwés indéeauﬁsubplinical.“ The fact'is;!hOWevér,ithat these‘
’“éQidences of>¢ﬁemica1’pathoiogy;fif‘tﬁey may so be adjudged, do not appear, according
?o.available information,'WHénfstandards for the safety of”workmen in the lead-using
induéﬁriesg‘sﬁch gs'wé’héﬁelbeéﬁ;advﬁcQting;fbr the past three_decades; have been
ffgdhéf¢q t§vé§§§istentiy.?_?hisiis toféay“thét tﬁe present‘physiologicai ériteriég
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for freédom from the likelihood of lead intoxication in any form,'baééd on the
" level éf:the'ébﬁcentrafionldfb1ead‘in the urine and, more precisely, the biood of
WOrkmen in tﬁe lead-usiﬁg iﬁdﬁétriés, have stood unchalienged by-thg tests’ofjtime
and clihical éXperienée.‘ If is:unlikeiy that they wi;l suffer from sérious
' shortcémingé?in,the‘foeseeable futﬁre. If this be grantéd,tin relation to
occupéfibpal expééuré1to lééd;‘then‘the prihCiplé»ofimeasuring human freedom from
lead.iﬁtoxicationyin terms of the content of lead in thé urine and blood, as
indicators of the”re}ativeilead coﬁtent of the soft tissues of the body, is equall&
\épplicablé., The_objeéfi?e of §ur,eXperimentation, therefore, has been to seek'oﬁt
“ éhd>define'a levél'of enYi£Onmental exbbsure io lead ‘which Will;hot resUlt in a
: progrgssive increas¢3,bn'an>eiongated‘time base, infﬁherlead contant>of’the urine’ .
:and blood of the human population. ’Put in this way, the critérioh'foruhuman health
in felati§ﬁ tovlead ﬁay.Seem to be unduly restrictea, and would be so were it not for
.two considéfations —inamely, (1) that this criterion has withstood the test of time;
' ;thﬁévfai,i§pd (2j‘that:iﬁ'ig-Ceftaihly éofreét:in,prihciple'énd‘caﬁ be‘correéted;
= §@$¥£iﬁati;ei¥:shouid:tﬁé?e be ény”yalia feaédn>forisb‘doingginlthe fuguré.i
i S Tﬁé~b;ecedinggdi$cuSsion‘ariées frémithe circumétaﬁce that the‘éxperiméntal
wdrk‘tovyhiéh this report relates, has come very near to achieving its specific
db.jéctive: 'It Seéms appfopriaté fhergfore to restate its basic physiologicéliand
clinicél‘backgroundQfggd t§ cQﬁ$olidate the position estaﬁ;ished‘fhereby.‘VEveryﬁ‘
,‘eifort Wi;1‘bé‘@édeibyvili;ihformed'and apprehensive ﬁgrsoné,in this'countfy and
~gw%bréad'to‘éét a's£andard for the ieaa content of the ambient étmééphéfe éfia ﬁ;mber.
'f@hich'%ili;pfo§idé'é‘féctqr of saféty_basedvon‘ignorance and apprehénsioh; ratherv
jthéﬁ 6n‘a”fealiStiq éxamination of thebfééts. |
THE - PHESENT EXPER:MENT .

'This.experiment;7as noted previously (full Progress Report made toAUSPHS




in Februeryhl§67; and in brief,report‘to Melvin R. Piancey in a 1etter dated
April 17, 1968), ‘was initieted on Qctober 10, 1966. ‘ Two men, Subject ‘ ‘and
Subjeetg‘-.ﬁ; entered ﬁpon a regimen of‘exposore to airborne 1ead sesqﬁioxide,
within two parallel respiratoryrchaﬁbers, at the level of 20 micrograms in‘terms
:of lead, in. tﬁe same stete of ‘subdivision as that used‘ln the last precedlng |

experlment (mean dlameter 0.05 mlcron, w1th the maximum of 0 18 mlcron) The

initial proportl‘n of the tlme spent by the subjects Qlthln the chambers was 21
hours of thef168 hours.'of a full week, and the exposure continued so for 20 weeks,
‘The‘further ‘sc hedule 1nvolved correspondlnc periods of time (20’or 16 weeks, elther‘
of which“appeered toﬁbeTSufficient_to‘elicit the maximum excretory.response), inz
succession,.et rates 6fL31;5 aéZ.O 52;5 63.0, and 73.5 hours per peek.

» Subject", as has been reported previously,  found it adv1sab1e, with
~our approval, to dlscontlnue his services in August of 1967, On finding out; in
advance, that this would occur, the course of the experiment was modified somewhat
in order: to gain as much information as might be possible in the short time:
-available. . The results are being worked: up for their contribution to the full
Laccount, of. the experlment which will: be' completed by another man, Sub}ect “ ;
‘The ratter,was brought 1nto the- e?perlment as promptly as he could be found, tested;
_and accepted and after a prellmlnary period of 24 weeks (sufficient to cover. the. N
S two most dlfferent seasons ‘of the. year) ‘he began his experlmentnl schedule in onc:’f“
- ‘of’ the resplratory chambers, at about’ the point’ at Wthh Subject ’ had ended, ’
‘thereby maintaining the contlnulty of" the ekperlment in, a manner which seemed
‘appropriate.’ Since the experience of’ Subgect- was- 1ncomplete, ‘while ‘that of
‘Bubject ‘., because of the delay occasioned by the prellmlnary observatlons. has v
not been sufficient,. as yet, to yleld deflnltlve results, no further reference: Wwill "
be made to elther in thls report

SubJect ‘ has now completed the schedule of exposure as described abov’e. ’
As of October 6 1968 he had spent 73, 5 hours per week for 16 weeks in the chamber.
‘fiiHe will contlnue unt11 the end of the calendar year, at least on aireglmen 51m11ar
»ipto‘thatAof thetsuccessivetperiods of exposure, except that he will have discoﬁtinued:
: the,experimeptaliexposure’totiead. rIn this manner, we sﬁail be able‘to observe
such_decrease iﬁ his urinery ootput'of lead as mey occer.ﬂ(It'may be that some'
‘.‘ssuégestron;of;a'decreese;willtoccer in the conceptrationiof lead invhis‘blood. See
L . f{E?
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ZVEIt'appéafed,és early‘aé fhe‘mid—year of 1967, that thi; subjectVWas;_:
tfespondingitovthe e#perimental expcsure to lead by excreting a someﬁhatvlarger
quantity of lead in his‘urihe fﬁan he had previously. This tiend céntinued
thrdughdut'thé fémainder'o£;fhe‘experimental exposure.' The largé volume of results
hés‘bée§ bLtipartial1§ examined in detail, and there is‘a‘§0nsiderable'amount‘of:jv 
‘stééistiééi(w;fk yet to4be’déne. NevertheleSs,;by careful insbéctibn, alone, of
the grouped and plotted'data obtained by‘the analysis of the urine and>blood
(along with‘a,cursory'glanpe at those of the food and féces), pertain crude fadts
‘aféuevident;, Theré was;kindeéd, a régular i@crease in the.raté of the excretion of
lead‘invthé;urinez following an initial significant increase,at abbuf thenmiQdig
f ofvthé'pefiodjdpring‘WHigh>fhe exposure was maintained (thié‘time‘for 20 weeks).
ﬁ’for‘42>hours‘outkbf the iés héurs”of}fhe week, ‘Aé neariy as«cén be ascertained
: withoutVe%aminihg'alljof.the pertinent data, and suﬁjecting them to stétistical
énalysi% Subject - failed to 'yiéld any demonstrabie increase ‘in his urinaryv
'Jé%éiefigh,gf;;éadfdufiné fhé‘éb weeks 6f\hi$'exposﬁre for. 21 hours ﬁer weék

vrééht,quthéjfimé) to 20 micrograms of lead in his respired‘éir.  There is

‘=*éﬁbidué éﬁidence‘of—soﬁe iﬁ@reése»(too slight‘to bé‘beypnd the‘range,of'ofdinary~‘

 y?ari5biiity) during the 1after ﬁalf of the period of 16‘weeks of,egposure fér

31;5 hours,per Weék; vThe‘trend Seém§ unmistakable from’fhere‘én £o'the’end of the.

V;experimenf, despité pertéin.iiregularities in the'ré£é>of the incréase‘frdm one
lpériédftdifpé'néxt;faﬁéés§'on; Seasonal effects hQVe been observéd ih éll‘ququf 

 "éXpé£iﬁéﬂ£$;iﬁiﬁhiéhgfhe ﬁaéﬁifﬁde,Of tﬁé éxposure’to léadbhés_reﬁéiﬁed heafly

  €0§$££§£ fﬁrgﬁghdﬁf‘aaféér;or‘ﬁoré,‘aﬁd‘thé5é>have'to bé(taken into éccpunt‘;nvthis’

v’é#perimer‘it,‘ ‘despite the pf‘imé;ry trend.

lrgfhe sﬁréigﬁtviiﬁe'drawn,xby inspection‘élone;‘to represeﬁt the approximate

" :sibpéfofr§he‘;néremental7increaSe inv%he,rate of the’urinary exc?étiqn of lead, has

{f3b9en_prdjected'to_the7point'Whidh, hypothetiéally, is ah~expressidnkof'the effect:

wE 0004487



of breathing, cbntinuously;bambignt air cbnfaining 20'micr5gram5 of lead in tﬁe"
erm7pro§ided~in the”ékpériﬁent;‘ This line and its projection havévnot been
\Aetermined byf§alculati6ﬁ; and tﬁerefore may not be regarded as pfecise, but the
oﬁtcéme of the‘projectionz even as. an approximgtion, points to the»uné¢éeptabiiity
of 20 micrograms'as thé thrééh§1d_vaiqe‘for the ambiént air.. Thﬁs,lby‘extfapolétion,
it isfpredicted‘fhat,4under thé,expérimehtal conditions, the“average lead éontent

of the urine‘ﬁill~havé rééchéd thé high point of its normal‘raﬁge - that is the
average outpﬁt of lead per day in the urine will have shifted from somewhat less

thantSO micrograms to approximately 80 micrograms, in abdut four and one-half years.

'After’thaf'time;fthé{iﬁcrease in the rate of excretion will continue at an equivalent

}réfe,.ét least, and wil;ybe accompapied by’a somewhaf more slowly increésing
‘éonéentfatidn’of iéadlin_fhéwbloéd; és.a>ﬁaniféstafiéﬁ of aﬂfinéreaSe in the gody
o bﬁrdén‘of 1ead.‘ - |
: In‘dontrast*With thé rénai respohse to thé»éxperimentél éprsure,{that

‘\€réprésén§éd by»the‘cdncgnt}ation:qf lead in the blqod:dﬁringstpe,cond;ctfof the
;éXbéf;méﬁf}ié sérigiﬁgii!diffe¥ént.' Th¢ behéviortbethe~urine‘and t#e bldéd Qas  
;‘ 5f;pﬁéégﬁtijqufai;el"duriﬁg?fhé P?ri6d wﬁen~£h§ durétibn of;thé expésqfég@5$‘42;ﬁéufé
f per Wéék;fit_éénfinUedléoidgrihg the_first héifwéf‘fhe (next) ﬁeriodgéf 52;5bhours,

L per week, But from this tiﬁe on,after a fairl&isharp decréasé (actualiy‘a'drop of
; only 7 microgfams - about 25 pefcent.— perviOO grams of whole blood), fhere was no‘
‘furthéf CO#S$Stént}increéééo‘;E§idgntly the leadfconfeht[ofUthé "soft tiséues"’of,

“the body sustained little or no further significant increase within the period

Loz

HJ of time jépresentediin‘the;experimeﬁt,‘ (This phenomenon has ‘been observed previously -

"7  ‘in cdnhection"with'elevatiohs‘ofvthé‘absorptionyof lead: at rates near the threshold

of .detection.)  It would appear that the factor.of the dilution of available lead
(affeW"milligramsfdistributed into the kilogréms of soft tissue) by reason of the
~\_excretion of lead in transit, augmented by the selective absorption of lead-into the
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‘skeleton, diminished effedtively the rate of the accumulation of lead in the soft

 tissues.,

'DISCUSSION
» . The iésults‘offthisléxpér;ment thus. far are‘seemingly clear. Their
vinterprefgtibn in relatiOh to the promulgétiqn of é standard for thé_leadrcontent
"dflthé étﬁoéphere is‘néf‘quite so simple, for it’involves careful cénsideration of
all of the infOrmation thét can be gleaned ffom the experiments completed'thus fér,
and from the further observations being made on companion Subject D.H. It is
éviAéﬁt tgaf‘thénéonéentraﬁion‘of'20 micrograms of iead per cubic metér, in the
.Fgem;déi andsphysical form‘émployed in théSe experiments, would not be tolerated
 i£de£ini£e1y‘by:tﬁe humaﬁﬁpaﬁﬁiéfion.‘ Such respiratbry éxposﬁre to‘iead, uﬁder
léﬁiéting céhditions'as‘to”thé‘lead confent of the food and beveragés iﬁjthe h&haﬁ"
.déetafy; ﬁéy be counted‘én’té result in an increase in thé bod&‘burdeﬁ-of‘ieadrin

che‘aVefage,person,’asfcompared‘with‘that‘Qf the present time., - In all7likelih¢odg

:fjgégga‘byieaiiierieisegiméﬁfaljfesulféé this‘ihbréése wou1d be:§f éniiﬁdéfi#itely
'ioéféééiéé1£yp§; dﬁd¥Wﬁiié'théfgonseéuenceétof such a slbw‘aCcuﬁQiéﬁiéﬁ-éfllead'in
‘55;}£§e §od§,ﬁfhroqghbu£ £he>Iifefi@é,of'the'indiﬁidual and fhat‘of a'human'populatibp,<i;
(;(ﬁéféfby'ho*means'preaictable (since:nb such~situation has evef’beénvekamined Céfefﬁlly .
liﬁbthe‘coursefof ﬁuﬁaﬂvhisfo?y);’theyéqan'hardly fail to be poteﬁfially‘hazardous.

ﬁ} NO‘suchihaZard would be socially acceptable.

5i€ﬁh35”b€¢ﬁasﬁgg¢étéd by'StoPps, in VieW-of;the resu1té”off;he,experiﬁeh#s :
1qérfigd—oﬁt'ét{thé‘léVei $f 10iﬁicfogram§ éf 1éad (iﬁvthe'éame form), ana inbtﬁé‘ x7
 iigh£$6£Véthérycthidéféﬁidns; éhat this lgvel might_weli be‘considefed«to be the i
‘ihfeshéld valﬁé; ‘fhié_ispnot,far; it>sééms€ from the correctrfigure? but since,
‘on_tﬁe;bne~ﬁaﬁd,kthé?e%périmeﬁt;lﬂevidence does not app1y td exposure éf'thaf'level'

'béybnd773;5“houfs‘per week (slightly less than half thé full time); ohencannot be’
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7'cértaih,;aﬁ £his time,}fhat hﬂ‘response; in the form 6f‘ap incfeaée inmthé ¥ate‘§fi‘

 ‘£he\Qrina¥y’dﬁtput‘of lééa,.will‘occﬁf‘undér the cénditiohs_ofjakmbrekneariy
confinubgsaegﬁosure at‘thaﬁ‘ievél;A‘It may’ﬁell be feasible,bhoweQer,vto convert
allfof‘fhe‘dégreés of Sevérity‘of the‘reépiratory exposure o% all of the subjects

" involved in these experiments to a common and. absolute basis for comparison, by

T'epressing thembas the‘produét‘of time x concentration;b By’this-means; one can
develop a moving‘standard on a time base, repfesenting freeddm from hazard at a
4¢er§ain’1evél of cdnCéntfafiQp inntérms‘of,thé proportion of the. total ﬁeriod:of

‘fimé.f This;;in itself, is aﬁ highly desiragle échievement. ‘CohﬁerSeiy,iwith

K :ﬁimeiéé ajconétanﬁ;»afffhe léVei of‘24 hogrs péf day or'léS houfé‘pér week in the
 casé?§f £hg ambien£fgir, qné7pap arrive,kbybcalculation,fat‘a lévei §f concéntratiQn_
.whié?iis‘gdmpéfibie/With:freeddmtfrom'tﬁé accumulation of lead in thévﬁody.

:  vﬁpon:éxamihihg‘the"daté'éf all of .the relé&ant'experiménts:ih:a v#riety

“qf ways, during the coming months of the continuation of the current experimont,‘,

%

VQ'bnégméyﬂbe,able;to'establishﬁaSSafisfactoryi1evel‘on’a firm basé, orfaiternéti§ély
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