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To: Theyc1inicalyassear¢h Committee of the College of Medicinsuef University

of Cincinnati, and to Others Whom It May Concern

From: mmna,mmamquﬁmwazmﬂu@mr

-

' Subject: INVESTIGATION OF THE METABOLISM OF IEAD IN THE HUMAN ORGANISH

Title ofﬁP?ssenﬁ;Phase_ . : : : : ‘ o
of Investigation: " - The Fate of Inhaled Particulate Lead Compounds

>

Purpose of Present Phase of Investigation:

. To determine the concentration of air-borne respirable lead,when
q;étributed,in the‘atmoéphére of urkan {and industrial) centers snd of communities
generally, which .is com;stibie'With the health and well~being of normal, healthy

persons throughout their lifetime.

Present and Preposed Procedure°-

The exVerAmental pvocedure which has been employed during the past

uwenty- ve years, during whieh the ﬁetabollsm af 1ead in *he buman subject has
“\been under investigatlon, and during the yast £ifteen years, in which the fate of
"*‘inha;ed, pdrtlcuigte, inorganzc lead cempsunds has. been examzned has been that'af‘ -

 ‘£011owing the d&i;y int«ke of lﬁud in the food. and beverages, and the daiiy 0utput‘

of leadxln the Zeces and urine'— essentlally the technique of baiance experiments

(with cer»ain om1351ons on bath the intake and cutput sides of the balance, W1th

  V,“eﬂpect tc items of razatively small moment) - of healthy young to mzﬁdle aged men,‘

“during a preliminary (control) pariod of observations which has . extended through o

at least two eeasons of the year, this preliminary period is followed by ohserva 1oﬁs .

"fﬂmade when & subject enters and ramains, according to a specified temporal ‘scheduls,
: e
*‘1n a respiratory chamber, designed as an office or laboratory, in the atwmosphere
i sf‘which a‘certain'concentration of.a specific,compound of lead in a specified

fffstate of subd visiqn‘ié»maihtained;:in«an,édeqnata stream of inflowing and
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'In a series bf}ebseivations involving 2 chambers and B‘Sﬂbdeéts in
-parallel, now under way, 1ead‘sesguioxide in the concentration of 20 mzcrograms
per cublc meter of air is dispersed in particles of the mean diameter of “0.05
micron, the-largest of which are 0.13 mxcranzn diameter.‘ The concentration of
lead in the chambef is:cheékéé by sampling the air within the‘chamher and
'determining‘;tslleéd‘écﬁtent, éhis being done once or twice per day of operatioﬂ,
dspendent upon‘the dutation of;the period of egpesure.
" The duration of'exposuéa, on a échedule of inﬁe?ﬁittency, is the variable
factor in these observatians;; Since it is impossible to Qonducﬁ these eXperimeﬁts,
“im a cbniigusﬁsfméﬁnéfv{2§ hsurs §er day on 7 days of each weék‘over é period of'
I ,1’e§tns or years), ‘ha deaign of the experiment calls £or the expcsure of the

P , ‘sabjects withzn the chamber, on a graduated temporal seale beglnnlng at 21 heurs

pér %eek (3.5 haurs per day on‘a ﬁays‘per week) over the pericd of, at least,
klﬁ‘ﬁeeka, and contlnuzng through 31.5, 4z2. Q, 52.5, 83. 0 and 73.5 hcurs per week,
3},55355 ~or 1a weeks, or for such 2 perxod as will yield the maximum excrenory reSponse,ff;
l‘th apy.‘ ?he iwo {2) subjncte eﬂte“ed upon thel% first day of expésure mltaln Lha'
;cnamber,iaitervthe‘p?elxmigary Qbservapiqns, on Gcﬁcber 17, 1966. The analytical  ii
‘éata‘éécﬁmalated‘&t this tima'ar; insufficienﬁ in number to be 51gniflcanu‘1n
terms of the résgonée‘bf»%ﬁe,suﬁjeéts.
| .  ?wo’subje¢tsLuaéer aBsérvation.in'a previous experiment involving &

,,;gimi;ar schedule of exposure to 1ead in the concentration of 190 micrograms per

cubic meter did not respond to the e“perimeutal exposure by a definiﬁe 1ncrease{,;”

‘r;fin the output of lead- in thezr urine ney 1n the concentration uf lead in their

IR _’-_“blood, and it appeared, therefore, that the dose of lead (as represented by
‘ concentratlcn tlmes the duration of exposure) was insufficient at any time to
; 'yield a uetectable change' in the status of the subjects, over and above that

N ﬁinéueed by;the¢gbsorption’of:lead_from'the,foqd“and beverages in'thelalimentary’,
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'»tract, §1ﬁg,t;3t-absa&hed Qﬁéar‘aréinary (control) conditions from the atmospheie.
mhi;‘iﬁ ﬁét‘reﬁgrkahié‘iﬁ view of the fesults}of.previgés experimente. on the
ozher'hénd, it was aééisabie to bégiﬁ 9n §he low side and worgyuprrd so as to
detoct the ﬁhrashoxﬂ_cf éesponsa,‘wi%hoit exceeﬁing it by mdre than the émallest
possible margin. The basic eXperimeatal concept, tested pargialiy by a preliminary
experiment‘at & higher ;GV@lin cancéntrationkof the saﬁe lead compound in tﬁe same
disrérsibn; namel& 150 éicregrams per cubic meter of air, holds that it will be
possible o extrapalaté‘ffom fcur’pointé oﬁ a smooth éurve of respaase, the upward

31ope of which is ﬁptermined by the increasing duratiom sf expesure, to the eficct

continucus eXposuTe, 1.8.; Hé heurs per day or ¢ aays per week over an 1ndeiinite

seriod. -4 coxm iaﬁive.thesis,b¥sri§ied in its essentzwls oy eateasive experimentation,

kolds that so long as the :ate cf the' scrpt;en of lead aalls to ‘hduce~a response
on ﬁge”vart oI the u”iae ar b;eaa, uG app preciable quantlzy of 1ead w:i accumulate
;ﬁe Eubject, 86 that a doge in that category presents no hazard

‘1 ¥ ;nﬁaet Tuman orgauism.

Ha sards of inese waevimyn+a1 ?rccedures'

*ga;“(?z‘_ esent exnex .ment involves mo threat of 1ntex1catlon to the

\éxﬁe: mental suﬁgects from the absorpticn of lead, sinece it is being'carried ovt

‘.‘J

1t 2 level of dosage that Wili[mexely be sufficient to yield evidence of absorption
ia\the formiaf increases,in the‘urinary exereéion of lead and, perhaps, in the

concentratlcn of l&ad in the b&ood ?arller a periménts involving'the.iﬁgestionf

‘”fof di so1ved 1ead were not 80 entlrely devoid of *he potentlality of Ylelding

4

§

unexpected 1nd1v1dua1 reactiens, iﬁcluding cert&xn histolog;c or functional oL
aevlaulons, suc& gs ghanges ‘in tge zermed elements in the peripheral blood ar
bio chemlcal c‘angﬂs in o‘eod or urine 1ﬁdlcat1ve of alteration in the metabolism ‘

of nemOglabin (prééursarS“of\hemoglobin, as complex amino acids or porphyrins),
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Even in the 1atter experimsnts, there was no likelihood oi the cecurrence of
‘llead intoaicatien, in. view of cur extensive experietice with tbe ekcretory reSponsé
and ihe 1evels ef the caucentration of lead in the blood of individnals in
industrial pqpulatians,un&er kncwn‘canditions of occupational exposure to lead,
over mare»than €hree'dé§édéa,'ané 6urfpersistent'maintenaﬁce»ofka large margin'
of safety:ih}e§r~expériﬁental,subjedts. {One 1s.aware; of céurse, thét an
unaxpected and improbable result way ensue, in almost any type of biological
experim&n;&ticn,,ahd;a‘sharp look-out for such & result iébmaintaiaed.’ in this
?03390*1on, a brief accaant of the p:esenu status ef the eriteriz foxr the
hieVeﬁeut of cemplate $reedom from any inciaence of lead poisanzngvzn industry
12y ba faxti nent ) | |
| An hxahl§ 3mpo§tant e*ﬁzerxon of éafety, wiuh zsspect to env rcﬁﬁeﬁtal
-conditiens;an the leaé traees; since the time of Sir Thomas Legge and his asséciatas,
has been th&t of‘tﬁé‘e5acenﬁration of particulate lead inAthe atmosphere of industria

‘establisments, to which men were exposed during the work-day of (at that time)

és‘ﬁéﬁré’#eriweek’-:Thexstandard of this tyye'far~thevavcidance'ef occupational .

‘3 ;azard wue Lo the abaorpﬁion of xaad h”“’haa the gzaest, yresaaﬁ, 1nte:naﬁinnal

v7wpglicaﬁzon in shzs regard as that of the Limitatzon of tha Iead centent of the
axmospﬁere‘to ;Savmzcrograms afvresplrabie lead {(Ph) per‘cubze meter of air.

"iTh$é is in{éeiéﬁién féAthéfpzesent'standard work-week of 40 hours.) 4an appreciable

'-margiﬁféf éafety EXists{here,’as‘ia indicated by the éétien of the‘American Standérds

” fAssociaticn in setting their s anéard at 200 miCﬂograms of lead per cubie meter, and

nas been éemonstratea by our experiments on human suh}ects under nrecise conditions.
| A muchrmore,uaeful rmedical {phyaialogical) eriterion came into

existence in our. handb, as early as the nineteen~th1rties, and has since been

"“extendea by ourselves and widely aaopteé 1n this and certain other countries, The

o present version of this criterion, in relation to 1nﬁrganic compounds of 1336, nas
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v‘ it~that an‘iadividual’warkﬁén 15 in no danger éf incurring lead intoxicatiocn so,'j
long‘és,the cénéaﬁfiatloa bf.léadvinvhié blood does not reach thévlevel of 80
micrograms of lead per 100 grams, Our initial expréssion of a physiological
standard, in relatxan to uhe average rate of the urinary excretion of lead, set
- the thresheld at ‘ & range (not a specific point, as in the blood) the low poxnt of
which is 0. 15 g, of lead per liter and the high, 0.20 mg. per liter. (The range
derives from the physialogical variation in the excretion of lead in the urine,
iaduced-ﬁy sevéral‘factors, ineluding,_iméortantly but not exclusively, the
x:througﬁputAcf water i# unit time.)
‘:  Undéf experimentél‘ccnéiﬁions, the eﬁpoaurs of subjects to lead in the
air can be regulated wlthin narrow limits, while the rate of the incidental
  ingestfan‘o lead is being determlned systematicaily and accurately. The experiments
7zwitL human subjects have haen characterized by a falrly wide margin of safety, in
'ﬁhat $c~person has been subiected to ezperlmental expesure to lead.beyond'the pcint;
 ¥ét;w§i§hfﬁ he response apprcached the upper safe limit of the cencentratlon of lead:
”f"iniéhéjéiaod Only. ona nerson has been perm;tted to come close to this limlt, ;l‘ag
‘Qeven 11cetingiy, this having been a subject of some years ago, to whom lead in :~
":solution w&s administered, orally, for 2 yea*s in the dosage of 2 mg. per day, in
Tfadd*ticn to that in his diet “in the terminal month of this expariment the
jconcentvat*on Of lead in the blcod of .this subject ranged between 0 06 and 0.075 mg.

"fper 1@9 grams._ No other evidences of the absorptioa of 1ead above the usual -levels

were observed, but the experimanﬁal administration of lead was terminated at this f

 (b) From the aspect of the safety and well-being of each subject, as
«;@weil aS‘ircm‘thatvof the collection of base-line data that would yield standard
,jvaluééi&ﬁd_ph?siologiéaigcbnstints,»Qertgin‘élinicél obser?ationsfaréjmade daily

,‘Ef ,
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(duantitative detérminations'of‘pcryhyrins and of delta-amina levulinic acid in the .

-

urine,\and_enﬁmeiatio§é o£ the;Sasaph11ié eryéhrac&tic fqrms; including reticuloéytes,

1#'the peripﬁera1 blbod);jéertain othér cbservafions are made weekly‘(intérVai accountS

by ihe subject,:of pértiheht information, clinical examination compriéing certain

items, as we;ght, pulse, raspiratary rate, klood preasure sitting and after step

‘ exercisa, “eflexes, aynamometric grip, erythrocytic; leucacytic and differsntial
‘cﬁunus, hemaglobin deéermination, and cligical»urinalysis), and at these or other
times, such otherregular 6# special observations of the ciinic or laboratory are
mdde, as are »hought, by the supervising physician or the principal investigator, to
’be deszrabie or useful, In addition, determinations of lead in the urine and bleod,
the former daily, and. the latter always once, and sometimes twice weekiy, sexrve to
(shew.ﬁhe.érogress cf’the~subject as to the absarption (1nairsctly) and excretian

: of«iead. At icnger 1tervals, as ths analytical work progressas and as the . dats

became available, the *elatﬁoﬁsnip between the intake and output of lead {insofar

L.as these axe aete:miaanle ai?cctly or by calculation) yiel& near approx:m&tians o

tae a;yumulatzcn {retention} of lead in ﬁhe bcéy of the svbjec Anasmuch_as tﬁe
o JAdy bur len’ of ‘aaé is the proauct or ahe rate of rauentien af Ieaé times ﬁzme, the
‘“riok of into ication must, Ferforue; fﬁﬁd itsvultimate;expressien, i#ithese éamev;‘
K‘éermsg and such is,the'basig goal of tﬁisAQXpériéentaéishs,éespiteftﬁe fact,%ha$>
it must be conducted in.tha iabor&tary 50 as always to'be negative - that ié, short
"  af a iozic résponse, and yet as ﬁear thereto, &or-pvactical reasons, as the abselute
iﬁipreservation of the saiety of the subject from any. deleterious effect will permit.i,‘q
R:The responsibiaity for the current health and ﬁell~being of the experimental subsect
is vested in the seniqr physician in the Clinical Division of the ﬁaboratory, who
. has the ﬁuthéritv to términate the experiment at any time at thch, in his judgment,

!

~ the health of the subjeet is in jeopardy, either from the experimental regimen or

from extraneeus causes.
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- | Previous Work Done in This Area:

" The procedures and certain of *he rasults of previous 1nvsst1gations in
this fi=ld in th‘s 1aboratory have bsen publéshed and are dccumented in the»

references below,

' Method Used in DProcuring the Consent of Subjects:
‘Thémsubjectstare’not,Ain the usual meaning of the term, "volunteers."
Rather they are selected for theﬂpuryose, and are engaged as experimental subjects,

if they so choose, as regular members of the staff of the laboratory, after a

tgoroggh'inquiry\igtp thei?7§h§3i031 and‘temper#ental‘suitabilit&, and after
havigg béén‘inférﬁad, fully\énd in detaiz, as,té t&eir duties and'resppnsibiliéies,
E « L andvaééiséd as to the putafive haZa}d invéléed in theii aceeptance offthe‘éosit;enf
| 'c¢fered . “hezr task is likened, wmth suitable qualification, te enployment in
‘,certain well—superviseé lead-using industries, and the precautionary measures

;dre alscussed in deuail to show the hzghly favo”abie basis of the, comparlson.,;;;

'Q:Each maa is promised the fullest prctecﬁion that is afﬁorded by our. knowledge and

B exgerience,;and isbfamiiiarized wiih~tha purpeses-and‘goala of the exper1menta1‘ 

|
!

i ?l@§r# i£i%eié£i¢n to industrial and’ pubiie health. Each man is éo?ered as are
ofﬁe: ﬁeégers of the staff of the aabora*ary, with occupatlonal compeasation

insurance,‘gndér the,laws of the State of Chio. 'Each,man‘ishgiven‘madical advice

‘and ca£e thrsughout'th&\axéﬁrimehtﬁl”fegiman,vénd any mgdical,précedures‘advised,
7'3.in~c°$nec£ion wiéﬁ the‘éépéfiﬁéntal‘program, are,brovidedfaf no costzto the'

’ﬁAQubject er 5erv‘cea rendered by physicians or other professional personnel

(e g. dentists) outside the staff,  As members of the functianing personnel of
 the haboratory,,each subject is given thevsame‘consideraﬁian.as are our other
fcelleagues, hut iS'hat‘fegafﬁed by ourselves or dther‘membersﬁof'the staff as

’f'bezng entitled to speczal reward aympathy, oy pampering. Indeed in this

; fQLaboratory, in which it is fully recognized that all of us, as members of the

S
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- public, as well as all workmen in our society, are being subaected, constantly and

increasingly, to the stressea aﬁd hazards that are a normal product o‘ modern

technology, it is logical and‘appropriate=that theoeffects of specific stresses‘

" and hauards shculd be investipated, environmentally and biologically, both in the

Laboratory and 1n the community, and ‘that fully controlled conditions provided in’
the‘Laboratory,jinvolving observations_on human beings, are wholly necessary as a

means of‘inferpretihg and oontrolling'environmental conditions.
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Signed: '~ N\ vV >
. Robert A Kehoe, . 5. .
Principal questigator

 'fRAK:@pgg7y“

- Dated: -Becém%er 27, 1966
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