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From the Directer of Meokh ond Setety
Loed Industrics Asssciotion, Ine.

‘-‘i},:\f:.; ‘— gy, 391 Medissa Ave.

- — 7 New Yorh 17, ML V.

Wrch 2, 1967

IEAD EYGIENE AXD SATETY BULIRTIN
Bo. 172 .

Tot All Mesbers of the lesd Industriss Associstiom, Inc. . e
Re:  Statement of Robert A. Keboe, M.D. oo January 19, 1967

8t & Pudblic Hearing io Barrisburg, Pennsylvanis

Us have secured for you s copy of & most important and significant statement i
that wves given by Ir. Keboe at the request of the Pennsylvania Eealth Departe

ment at their Public Beering on Proposed Amblest Air Quelity Criteris for ;
leed. The proposed criteris suggested that leed and {ts compounds be limited
to 5 micrograms per cubic meter of air, per 2b-hour aversgs s messured in
the general atmosphere of the state of Pennsylvania. The 5 micrograa figure
vas genersted by weans of an aritheetical calculation using dats that Dr.
Kehoe bad included in his testimony Defore Senstor Muskie's Subcomxittee on
ASr and Veter Polluticn in Weshington in Junme 1966. Since Dr. Kehoe was be-
ing used a3 an authoritative sowrce of information to geperste & standard for
Permissible emounts of lesd in the etaosptere, snd since Dr. Kehoe 214 not
agree vith the use to wbich his data was put, Dr. Kehoe felt {t necessary to
Prepare a statement wbiich would give his ressons for questioming the Juidgment
of the state representatives in Pennsylvania. Bence, the statemeut which
18 enclosed for you.

The statement quite cleerly shovs the reascos for believing that & standard
which wvould limit the smount of leed in the air to $ micrograms i{s unreesone
edle, unnecessary, and unduly restrictive. There is some interesting tech-
Bical dstail presested by Dr. Kehoe wiich gives some 1dess as to the ratiocoals
for statements that some of Us in the lead industry bave msde sdbout the safety
of the general public at the present time with respect to lead exposure. For
instance, Dr. Kehoe points out that his researches, presently supported in
part by ILZRO, have shown that 10 micrograms of lead per cubic meter of air
18 perfectly safe for continuous exposure and that his studies bave proceeded
to & point shere human exposure {s deing made et 8 20 micrograa level.

Ve think this s & most important ststepent aod have printed extrs copiles for
you. Please let us knov if you would like to bave them.

VYery truly yours,

Box 102

mPev Don G. Poviler
attachaent
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Statezent of kobert A. Xehoe, X.D,
at & Public Dearins of the Division of Alr Pollutien Centrol
“of the Departmont of Health of the Co-moawsalth of Punasyivania
in relation to
Ambient Alr Quality Criteria .
with respoct to
Particulate Coapounds of lLoad

I, Mobert A. Kehoe, represent the Kettering laboretory, ia the Departzent
©¢ tnvt_mmul Nealth, of the College of Xedioine 6l the Uaiversity of Cincinnaty,
Cincianats, Chieo., Binoe &y retireoent, st silshtly bayond tho ccawoatior:l age,
from the Directorship of this Laboratory and Department, im 283%, I Lave continued
to be responsible for the Ladborstory's experimantal progras oa the bolavicr o2
lead {n the hunan organism. 7This prorram, emi.o& out for pany years with the
financial support of industry, 1s rou 80 sjonsored by & group of industrial
organizations and Ly the United Statcos Public Health Service,

Yor the m.t five years, tlis work has deoa coucextrutel om the estiblishoent
of criteria for arriving at a siandard of Quality, with respect to the concentration
of le3d in the ambient Ataosphere that is tolorable for hu=an baings, whon takea
into the respiratory systes, along vith that which s taken icto the alizontary
tract from other sources 1a the geseral environzent, in pariicular, that contained
4a our food and beverages. ] au here to Cescribe the progress snd the present
position of these inwvestigatizas,

Another reascn for ay SppaArtncy Arcs~ frog ths fact that certain inforuatioa
which I provided in jublic testimony bs.fon the Nusal~ Cozuittee in Tashingtoa, D.C.,
s0me mOGihs &30, has boen made the basis far a cilculatia.,, by this agency of

~--<. the Commonvsalth of Penasyivanis, of the maxiz.m ¢éacc3sratios of lesad in the .
sablient atmosphere, which may be exvected to Lo coxpatidlo wity L.blic safety,
e figures given st that tm were DOt provicod Lor that puTy0se, anx the

oonoentration of atmosyheric lead vhich was obtained throuzh thelr use 18 too low,
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1n my opinjon, to De realistic, for the reason that a factor of consideradle

magnitude was not taken into account in this calculation, I ahall roturn to this
point later,

To resume the discussion ©f ths experimental work which has provided the
background for the punni statoment and those nmado elsevdhero, my associates and
1, 1n the Kettering Labormtory, bave been engi;cd Zur the past twonty-eight years,
1o & deseriptive elvcidation of the metabollias- o2 1. : &in Xu=ery sudbjects under 3
variety of conditions. 7These investizations Li.. ¢8tadlialod the _cneral level of
the intake of lead ia the f00d snd beverages consuzad Ty Laalthy =ale sudjects, and
1n tbe output of lead in their urine 234 foles, dky Uy <27 OVer H0r.olis 62 coaths
and yesrs, under the ordinary 00oCiticas of Iifo, eZ0eDiiig £3 tie subjocts Bave
guarded agelirct any occcpational or oither wnusukl exposuiw o 2o02d. To certain of
these subjects, 1e3d in & ssries of dosages hos Uual sdzialstered dally, with their
meals, with the chjectivo of dotermining th: exteat 6f i idocr.iled and the
sxcretice of lead, uncer tlhose conlitions, Snl the amoum?t oS Liad 13l scozulated
ia thalir bodies during periods of experimental &drizisirat.ca tiat razred Zrom
1 t0 4.8 years. As & Ly-product of these odservations, the caximum Cuantity of
lesd ingcsted dally Lin f00d and bDoverages, which would result Iz a daroly doxonstradle
uwr?u in ths rate of the excretion of lead in the urine, without any corresponding
increass {n the concentraticn of lead ia tho blood, was deternined, <This quantity,
approximetely 0.8 mg. of lead, ingested daily, resulted in the sccuculatics in
ths tissuss ©f the subijects of An anount ©f lead of the order of 8 milligrans per
year, Troa those facts, it may be taken that approximately 0.5 milligres of lead,
oo the sverage, oan be ingested daily by the healthy American adult, without any
risk, 50 loog s the oonccnt}ntiou ©f load 1u tho acdlent atoosphere Goes nct
exosed, appreciably, the level ths’ it was known o be iz tie pertinsnt ares eof

Cincinnati during ibat period (appmiugoly 1.3 sicrograns por cubie rater).
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The experimvnts concerned with the inbalation of lead in the atmosphare,
under the oconditions of the laberatory, im which we have besa eagaged, for the
past 18 pou,\un 8ot been quite #0 revealing of precise information, for twe
reasons, The more potent of the two Fearons lies 4n the fact that there has beem
B0 satiafactory method for messuring the sxtent of the absorption of leed from m‘
respiratory trect, The other reasan stems from the virtual fapossibdlity, withis
the limits of seascuable costs, of maiatsining human subjeats contimuously is an

srtificial ataospbere, with respect to it uniform content of lead., Por variows

reisams, As wxperimental effort has gome sbout s far as it s practicabls to go,
1a this direction, when the aubjects are required to spead B4 hours p;r woek _;
(Balf of their tise) In rwepiratory chawbers.

. Accurste mearuressnt of the ultimkte degree of the retentios of particulate
lead in tbobm;dntery syatem, following the {nhalatice of lead {ia the atoocepbere,
constitutes the obstacie to a sstisfactory estimsts of the quantity of lead '
available for absurption, The spproximato guantity of the air-dorms lead that
10 retained fa the reapiratory syvtem during & definite period of exposure caa be

deteruined by a »ethod which we have ewployed l.‘ woekly intervais throughout most

"of these experimvats. (by weasuseownt of tha lead countent 6f the expired air and

subtracting this smount from the lead coatent of the air in tbe chasbor). But

the ultimate degree of tbe clearance Of the particulate lead depositea withian the
respirstory tree, and moved subseqQuoantly to the alimentary tract, by various
mechanisms, 19 DOt determinabls unless 1t can be visualized im Lite proper quastitative
Telatioa to that shich bas been ingested with food and bovorages, /When coe breatdes
vithout respirutory protection, ia an atmosphere besvily laden with particulate

lead cospounds of reistively largs sise (1.8 microas or morv in dismeter) lead
sppears in the feces in quantities (milligraass) that ogt.nd out sdarply against

the quantities (averwying 0.3 or 0.) mg., per day) derived from food and beversges,

Gl

SRR T

w5y



Y

]

stivanball  Siain

e

Y

i

LIA14200

However, when the ooncentration of lead 4n the alr breathod for sovoral hours
per day 1s culy & few alorograns per cubic meter, as in our experimeats, ths
_Quantities of lead cleared into the alizentary tract are mhsuu to excood the

variability of the fecal lead (dus to fmgeatoed food), And also too small to be

- $§dentified above the variability and the sanpling error of the lesd in duplicates

©f the food consumed from GAy to day - that ia, of course, too small to have
statistical significance,/ It has been apparent, 1a Our respirstory experiameats,
that the sxcretion of lead in the urine of the subjests (r.lck 18 expooted to
bave & well-defined relaticnship 1o tLo amount of tia absorytion of lead from

the respiratory tract) has not increawed, uncor cuntrolied «xporizsctisal ccnditions,

oycle bosd available for absorytica, omly woeo-tlr Sis tlare Lcen azy valild Lasis
for ascriding muzbors to tHe BOSULL Wl BXB b vl Livew aewe VEILD.3 2orts of the
Tespiretory u'u.. D1k rtod, in staling .o Javls OLewTVes 12 our exporiioats,

we have Bade no attcupt to oxpress thuse P /Liv.usices plonowent in guantisative
teras, but, 1mstead, ..o Jivoa them (uelflallfm NAOsRItion 43 tho platesaat that
“sosevhat less than S5 jor ount® of (iat Lrialcl 28 TutS i i %o pulodDary tree
and 1s available for tosorption. In oae LBeiasow, 3 we-.--tad, roughly, that
approxinately 30 per cent of that futaled, anpuired to La LA L,

I shall retumn, & littls later, to cocaller the outcous o i caloulsation
Teferred to above, whon the factor of the cloarance of duposited pariiculate lead
1s inoludad, acoording to the bost iafurmation now avatlable, Xoanziile, attsatica
should be givon to & means of ovoroosing tho obstaclo prosentod by the necossity
of rosorting 0 jintornittent rather than continucus respiratory exposure ia our
sxperimental approach 10 the probloam of lead 1o the sablent adr, A erudisl

experimant bas sstadlisliod & bisis that is telieved to be sound,

Previous experinentis, concisnué wilh the 4:iily fegostion of sufficient Quantities

ae B i o
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©f lead with meals had shown that the rate of the excretion of lead in the urinve,
and the concontration of lead in the blood incivased a8t & substantially coostant
yearly rate (vith seascnal and other variations withia the year) over the ontire
period of the .Laxultntton of lead 1o this pannor. JIn contrast, the experizmental
fohalation of lead, on & temporal scheduls simulating that of the industrial woek
(37.8 to 40 hours per week) Jesulted in a fai:ly 8to0ly 1ncretse in the output of
lead in the urine, and in the concent:eiion c2 lead 1z tho :lood, ever.a period
of approximately 18 weeks, At Whlch tirs & plitoau bad baex resched (in the lovels
of lead in urine and dicod) wiich reatined ioihengod tlaraciliar, uatil the
sxperimental axposure was altered or tormirated, 2L oy Jacts in nind, a2
eapeilingl wes GealpLed And GLFFA8G Ut Wherein TWO POrtons, 1n pirullel respiretory
chaxbers, were subjooted to the inlialation of & suitadle oocpouns o7 lead (the
sesguioxide), in fine disporaion (msan dlameter 0.03 cicroa) in the &taoephsre

of the chazber, at the level of 150 microgrons per Gublc xeter. The sideculs of
sxposuro was initiated at 10.5 hours por week for 10 weeks, and expanled stepvise
to 21, 31.5 and 42 hours pox.mk, during three sdditional periods, sach of whigh
was 16 weeks fn €urstion. The result was a series of platesux of praduated
height in the concontration of lead in the blood (and fn the urine), so that a
1ine connscting tho average levels of the sucoessive platcaux continudd upward
at a uniforw slope, and ocould bs extondod at the saxd slope to 1C8 hours per

wosk. By such means, & ressonable Appx;ouunuoa to the e2lect of occntinuous
oxposure oould be arrivod at,

Proceeding froa this background, & further experixsnt was carried out, with
nev experimantal subjocts, at the level of 10 micrograns por cudic meter ia the
atmosphere of the chacbers. Under these ooxditions, this conceatration of lead
4o the atoosphere failed to evoke a Cofinitive incresse in the output of lead
in the urine, or in the coascentration of lead in ths blood, of ths subjects, at

any time ia the course of a schedule that extended in a gradusted series from

o
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10.5 throuch 73.5 hours per week. The exposure ©f the subjocts was terminated

at the latter point, since there was no hope 0f demonstrating a graduated incresse

12 tholr response. An additional experiment was then tnitiated at the level of

" 0 miorozrams of lesd per cubic meter under otbervise cosparsble experimsntal

- .

oonditions, This experiment s now uxder wo; Sul Rzl 2ot edsiod the stace at
mch—ny prediction as te the prciiile oultiozd G DB Siid.

" Any estimate of the tolersble cazcentiiiiox of lead in tio azdieat air, that
Right De’made at thie tise, throuch = oaleulsiics of 2h4 tyss raarrod to cdove,
would bhave to de highly tsutative, L3 our v.aw, #8peclally 2.508 exjerinmental
evidence may be expected to be forthcoming wiiiin & rosscaudle meriod of tims. It
would seea to be logical, bovever, &s suggestol adowve, .- TIZNNIesting tha
fimsdiate situation to thia agoncy of the Coaxxcavealth ol Asnisylvenia, to make
use of the method of calculaticn empleyed In £rriving at tre Iisus) 62 § xicrosrams
©f oad por cudic moter as the wWper tolerallo LIzI 32 The ccaconiriiion of lead
in the anbient air, (reference 1s pads hore to the two lotters ¢f Vistor B.
Suszman to Nobert A. Kebos, 6f Decozber 13 and 20, 198g). Ia so &olz:, 4t 1e
appropriate to iptroduce ths factor which appears, o receat evidence, to kave
& reasonadble dosree of quantitative validity,

Attachod hereto u a chart, Table 1, cerived froa & publicatiom tuat has
Just come to hand, 1In it, the referonce to the publicatica ie given, as &Te also
the data obtained therefroa that sre pertitent to our expericsntal oonditioans,
These data have boen employed, im round puxders, 21a the calculation of the
toleradble concentration of lead in tho anblent aimosylere, 28 follows:

(1) 3If approxismately 10 per cent (in ths chart §.55) of the lead inhaled
!n;n the atmosphere in our oxporirents $s availabdle for absorpugn froa the
respiratory tract; (2) and 1f an acditional 10 per ceant of that doposited originally
in the respiratory tract and then voved §nto the alirmsntary tragt is absorbed fron

the alimentary tract; (3) the figurs thus obtsi=od now turns out to bo 18 microgranms

"
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' American industry sffords. Similarly, the occurrence of lead polsaaing within
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. per cublic meter. .

Tue figure 8o obtainod above L» not necessarily or even prodadly correct,
Experimental evidance is Tequirod for $ts verification or correctica, 8o t:is Case v
may Do, It has, however, a rationil basis for 1ts derivation, and, as such, it
would seen to De the Dest estiuste that can be offered as an approsch to a
suitadble ariterioa,

Cne otder point regquires some Coosiderstion here. A fsctor which enters into
the promulgation of a standard of air Quality, with respect to lead ia the ambient
umnpbon)u that of the allowance tiat sloulé e rzde for the variability in the
suscoptibility of porsons and groups im ths coxposition of the gereral pojulation,
There is Bo acceptadle convention that has the sYfzhtert wetlsmel poolf2221214%7

to tiis physiclogical problem, A coasf{dered 'o;uuoa By no7 be bosed reasanably
o the evidence odtained by clinical observatioas {n association with Quantitative
medsurecents of snvironcental oonditions in the locd trades and in ths cocsusity
genarelly, and oa the p&yllologllul and clinical responses of large nuxdbars of
peTsons to such enviroozontal conditions, Euth observaticas, kade oaly i the [
coaparatively recent poriod within which analytical fecilities have besn egual to
the task (lppro::iuuly.so years), havo dexdcsirated, beycad any reasonable doudt,
that human susceptibility to the effects of tho abso:ption of lead varies caly
within well-defined Quantitativd licits of :i.or;tiex, Ti:i, Zor example, the {
"dndustrial envircument {in the lead-ucinmg izdusirles) 45 ~tiz:iizel ZsithZully
below certain estadlishaod hazarcous lovels, &l vien a1l of Lie ceunditions uader

vhich the employces work &re a0 controllod tiat thoir absopiion o2 lead Coes noOt

.

oxoeed the acoeptod level of safety, no toxic #ffects of b kind are observed

st any time in any persca during the most prolonged periods of ezploycsat that

-

the genaral populaticn, Amang children and adults aliks, is aluays associated with

Jevels of lead adsorption (as zhown by the load oontent of urine or b1ood or

both) which have boon estatlished, in extensive experience, as danjorous.
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Conversely, in our experisacs, no person suffering froa lead polsoning has beasn
fousd, st the onset of this 1llness = that fs, in imaediato temporal relationship
t0 the exciting factors in the productioa of PYER 111083 = who has not given
Quantitative uu\uyuul evidance of the absorption 6f dingorous Quantities of lead,
{By such "Msno"a, bare, s mesnt a gezeral level of exorotion of 1ead in the
uriné, establisbed through acequate sazpling, 02 at lezst 0.15 mg. per day or per
1iter, or & coucentration of at least C.08 =~ 0.0 =r. pa> 3i5 grams of whole blood,
48 deternined by methods of anslysis as seasiilve And 2:ocise s those employed

ia the Kettering laboratory.) BSuck evi6ence <i ...3, 6b:iized by a Duzber of
experiunced investicators during the >cst tListy yoars, hes dazonstrated thst
Luman supcoptibility $0 lond folscnii,, waRL..I.E 2.aill, DStOR, St ARG above 8
cortain level of absorpticn, but not Lalow Lt, asd that tig =z Zin tetween the
dangerous lcvel of absorption and that which 18 associatod .3 orcsux'-; environzestsl
conditioas in tbo.A.-qrtun conunity, generally, 18 ample Ius o purposes of
difforontiation. This is not to say, ardbitrarily or dozastically, that thare may
ot bo some persons within the total population, whose ability to handle lead,
physiologically, has been impaired in scxe significant zanner. BSuch persoas must,
indeed, be fow, and there s little resson to fear that any such persons would be
affected -cnruiy by the genersl levels of environmeatal exposwre to lead that

are undsr discussion in this statemaat, Tdere Are still occacionzl sources ef
exposure to lead in the modern Amorican coxaunity, that roed to be elininated or
controlled effectively, in order to pro;ruut the cccurrcace ol lead polroning within
the gesorsl population, notadly among young €uildren, Sucl cases, Lowever, have 80
relationship &n tholr etiolosy to the prevailing or lmincnt levels of the general

environzontal exposure to air-borns lead,

.
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TABLE I

The JCAP* Lung Dynamics Fodol®e predicts the following
for particles of load sesquioxide as dofined below:

¥easured moan dianster » 0.08 microm

Geonetric standard deviition m 1,000

1 . Approxipate donsity = 8 T
. Count redian acrodynanic diapeter ¥ 0.18 micrea

1 Mass median aerodynamic diazeter W 0,20 micren

: : ‘1. Of Thaat Predicted Clesrance % O Taag

Predioted Dopositics Iohaled (8ite) (Halt-time) Tahaled
Raso-pharyngeal 7.0 Blocd ‘4 nin, 0.7
ﬁ . 0.5, Traet & aia, .3
Trecheo-bromehial g.¢ 21524 % lmdae 0.6
G.1. Trect 10 mpo ’o’
Pulmomary 40.0 G.X. Traot M Ar, 18,0
G.1. Tragt 50 day 18,0
. Lymph -blood 90 day 2.0
. Blood 90 day 8.0
vj ] . . -_ ‘.-
Total Deposition 85.0
4 Ia Xxbaled Aly 45.0 at oquilibiiun 9.8% 1s cleared to blood
45,07 18 cleared to G.1. tract

L Internaticnal Conxission for Radiation Protection.

#¢  Developed by Tusk Oroup on Lung Dynamics for Committee 3I as publisbed ia
Health Physics. Vol, 12, Mo, 2, pp. 173-208, 1968,

The model assumes & largsr gecwstric standard deviation., Jor this partiole
size, the model would thua tond to overostioate deposition,
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