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Tot All Mesbers of the lesd Industries Associstiom, Ine.
Pa:  Statement of Rodert A. Kehoe, N.D. ¢o January 19, 1967

at & Public Eearing in Barrisburg, Pennsylvanis

Ue have smecured for you s copy of & most important and significant statement i
that wves given by Dr. Keboe at the request of the Pennsylvania Health Depart-

ment at their Public Beering oo Proposed Asmbiest Air Quality Criteris for ;
leed. The proposed criteris suggested that leed and {ts compounds be limited

to 5 micrograms per cubic meter of sir, per 24-hour aversgs ss messured in

the general atmosphere of the state of Pennsylvania. The 5 micrograa figure

vas genersted by means of an arithaeticsl calculatiocn using data that Dr.

Kehoe had included 1in his testimony Defore Senstor Muskie's Subcommittee on

Air and Vater Pollutico in Wesaington in June 1966. Since Dr. Kehoe was de-

ing used ss an suthoritative source of informaticn to generate & standard for
permissidble exounts of lesd in the staospiere, snd since Dr. Kehoe 414 ot

agree vith the use to wbich his data wes put, Dr. Kehoe felt {t pecessary to

Prepare a statement wbiich would give his resscns for questioming the judgment

of the state represectatives in Pennsylvenia. Bence, the statemept whiich

18 enclosed for you.

The statement quite cleerly shovs the reascos for delieving that a standard
which wvould linmit the smount of leed in the air to $ micrograms is unressone
edble, unnecessary, and unduly restrictive. There is scme interesting tech-
Bical detail presested by Dr. Kehoe wbich gives some 14ess a3 to the raticoals
for statements that some of us in the lead ipdustry bave msde sdout the safety
of the genersl public at the present time with respect to lead exposure. Por
instance, Dr. Kehoe points out that his researches, presently supported in
part by ILZRO, have shown that 10 micrograms of lead per cudbic meter of afir
13 perfectly safe for continuous exposure and that bis studies have proceeded
to & point shere human exposure s deing made et & 20 micrograa level.

Ve think this s & most important ststecent and have printed extre copiles for
you. Please let us knov if you would like to bave them.

VYery truly yours,

Box Bt 2,

Piev Don G. Povler
attachaent
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Statezent of Eobert A. Xehoe, U.D.
8t & Public Dearins of the Division ¢2 Alr Pollutifon Control
“of the Departmont of Mealth of the Co-monwealth ©f Punasylvania
in relation to
Ambient Alr Quality Criteria P
with respoct to
Particulate Compounds of load

I, Bodbert A. Kehoe, represent the Kettering laboretory, ia the Departoent
©¢ hvt‘mmul Nealth, of the College of ledioins 0 the Uaiversity of Cincinnaty,
Cincinnats, Ohio, Bince xy retirecent, at siizhtly bayond tho ccnvoatior:l age,
from the Dirvotorshiy of this Ladoratory and Departsent, im 1$3J, I Lave continued
$o be respansible for the Ladborstory's experimantal progran od the bodavicr o2
lead {n the hunan organism. 7This procraa, urrto& out for rany years with the
financial support of industry, 1s Lov 80 s;0ns0red by & group of industrial
organizations and by the United Statcs Public Health Service.

Yor the m‘t five years, tiis work has deoa ocoucentratel on the estidblishicent
©f criteria for arriving at a siandard of Quality, with respect to the concentratiom
6f lead in the amdbient Ataosphere that is tolerable for hu=an baings, whon takea
into the respiratory systes, along vwith that which s taken itto the alizontary
tract from other sources in the gederal esvironzent, in pariicular, that contained
ia our food and beverages. I au here to desoribe the progress sad the presest
position of these investizaticas,

Another reascn for Ay SppIArtLcs &ros~ frazg ths fact that certain inforuatioa
which I provided in jublic testimony b;‘(on the Nusal~ Coauittee in Tashingtoa, D.C.,
s0me mocths 230, has been made the basis for a cilculatia., by this sgency of

~--<. the Commonvsalth of Pennsyivania, of the maxiz.m coaccasratios of lead in the Ce
sablent atsosphere, which may De exnected to bo coxpatidlo wita public safety,
The figures givea st that :m were DOt provicod for tiat purpose, and the

oonoentration of atmosyheric leand vhich wes odtajned throuzh their use 48 to0 low,
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in my opinion, to be realistic, for the reason that a faotor of coosideradle

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

To resume the discussion ©f the experimental work which has provided the
background for the punni statonent and those m3ido elsewhero, my associates axd
1, 4o the Kottering Labormtory, bave been engi;cd 2ur the past twonty-eight years,
in & deseriptive elvcidation ¢f the metabolls= o2 1. : ia Num=ery sibjects under 3
variety of conditions. These ixvestizations L. ¢8tadliakod the Jcneral level of
the intake ©f lead ia the fo0d and beverages coosusdd T Laaltdy zale sud’ects, and
in the cutput of lead 1n thelir urine zad foles, day Uy a7 OVer »9r.0ls ©F zoaths
and years, under the ordinary ooaauoz.u o2 lilo, ‘czeo;:::; &3 tie subjocts bave
guarded ageirct any occtpational or other unusukl exposuie O load., To certain of
these subjects, lead in & series of dosages hos Lol administerel daily, with their
meals, with the chjectivo of dotermining th: extoat of tii i3ocr.iled and the
sxcretice of lead, uncer tlose comditions, ool the amoumt oJ .Liad thal accuxzulated
ia thelir bodies during periods ©f experimencal &drizisirai.ca iiat razzed 2rom
1 t0 4.8 years. As & Ly-product of these observations, the caxinum Quantity of
lesd ingcsted dally in food and Doverages, which would result Iz a daroly doxonstradle
wx?u in the rate of the excretion of lead in the urine, without any corresponding
increass in the coocentraticn of lead in tho blood, was determined, <his quantity,
approximetely 0.8 mg. of lead, lngested daily, resulted in the accuculatiocn im
the tissues ©f the subjects of an ancunt of lead of the order of 8 milligrans per
year, Troa those facts, it may be taken that approxioately 0.5 atlligras of lead,
o8 the sverage, oan be ingested daily by the healthy American adult, without any
risk, 50 long as the oonccnti-nuon ©f load 14 tho &cdiext atmosphare 6oes nst
oxoeed, appreciably, the level ths’ it was known 0 De 4L ilLe pertinent ares of

Cincinnati during hat period (appmxugoly 1.5 sicrograns por cudis meter).
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The experimunts concerned with the inhalation of lead in the atsouphare,

under the conditions of the laboratory, ia which we have boen engaged, for the

past 18 pou,\uu oot been quite #0 revealing of precise information, for twe
reasons, The mure potent of the two Fravons lies in the fact that there Aas bDeenm

20 setisfactory method for meusuring the sxtest of the absoryticn of lesd from the
respiratory trsct, The other reason stems from the virtual iaposeibility, withis
the limits of svasousble costs, of miataining humsn gub:oou continuously ia an
artificial ataospbere, with respect to ita uniform content of lead, Por variows
rossass, Aa wxperimeantal effort has gome about 2 far as it fs practicadbls te go,

1a this direction, when the subjects are requised to spead B4 hours p;r woek _;
(balf of their tise) 1 rvspiratory chasbers.

Accurate measuresest of the ultimite degree of the retentiocs of particulate
lead ia the bmytntory system, following the tnhalatiocn of lead Lia the atucsphers,
constitutes the obstacie to a sstisfactory estimats of the quantity of lesd 4
avaflable for absurption, The spproximats guantity of the atr-borne lead that
is retained ia the respiratory systes during & definite period of exposure caa be

Getermined by » method which we have ewployed st weekly intervals throughout most

"©f these experiments.(by wwasureswnt of tha lead content of the expirwd sir aad

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

the ultimate degrve of the olearance Of the particulate lead depositea withia the
respirstory tree, and moved subseQuontly to the alimentary tract, by various
pechanisms, 10 DOt determimable unless it can be visualised ia its proper quaatitative
Teletion to that shich bas been ingested with food and boversges, /When coe breathes
wvithout respirutory protection, is an atacsphere besvily iaden with particulate

lead cospounds of reistively iargs size (1.0 microas or morv in dismeter) lead
appears in the faces im Quactities (milligrsas) that ltlu:d out sdarply against

the quantities (avernying 0.3 or 0.) wg. per day) derived from food and beversges,
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- §dentified above ths variability and the sampling error of the lesd in duplicates

Bowever, when the ooncontration of lead ia the alr breathod for sovoral hours
per day 85 ocnly a few slorograns per cublc meter, &s In our experimests, tis
'quntluu of lead cleared into the alizentary tract are m‘;uu to exco0d the

variablility of the feocal lead (dus to fmgested food), And also too small to be

©f the food consumed from cay to day - that ia, of course, too saall to have
statistical significance,/ It has been apparent, 1a our respiratory experimeats, F
thit the sxcretion of lead in the urine of the swjects (rlick 18 expooted to
bave & well-defined relaticnship to tle amount of tia absorytion of lead from

the respiratory tract) has not increswed, undor cuntrolied cxperizsctial ccnditioas, f

-

oycle desd available for absorrtica, omly .woeo-tlr Lis tlaro Sces axy valid Lasis
for ascriding Buzbors to the £O3LLL Ll BXB 0B vl i aewe VEILO.3 arts ol the
Tespiretory tree, Dl otod, ia stalling €. Javis oLeeTves {2 our exioriioats,
e bave Bade BO attcmpt to ¢xXpress thuse R Liv.usices plonocent in Guaztitative
terss, but, imstead, ..iv3 Jivoa them (uelfialiMm Posnition 40 tho slate=aat that
“soserhat less than S5 por ount™ of tiat Ariaicd £8 Ut it 4 Lo Huloomary tree
and 19 avallable foT &3sorption. 1o ooe ARetATOw, 3 ve-.--iad, Foughly, that
Approzimately 30 per cent of that futaled, Anpuired o Ua LML, 1
I shall retumn, & little later, to 0onsliler the outcous o2 iho caloulation 1
Telerred to above, whon the factor of the cloarance of duposited pariiculate lead

1s inoludad, according to the best dafurmation now available, Xosnriile, attsntica

should be given to & means ef ovoroosing tho oLstaclo prosentod by the necossity
©f rosorting o intormittont rather than continucus respiratory expoasure ia our
experimental approach 10 the problom of lead fo the sabient alr, A erudisl
oxperimant Bas eatadlishod a bisis that is telieved to De sound,

Previous experinents, coacisnvé with the d:ily fegostion of aufficient Quantities

e



“y .

taadhl

! Ly X

e — T R S S -

—— - m——rm e -

©f lead with meals had sbown that the rate of the excretion of lead in the urine,
and the concontration of lead in the blood incivased at & substantially constant
yearly rate (vith seascnal and other variations withia the year) over the entire
period of the adainlatration of load in this manner. JIa ocontrast, the oxperimental
fohalation of lead, oo & temporal scheduls simulating that of the industrial woek
(37.8 to 40 hours per week) resulted in a fai:-ly stodly incresse in the output of
lead 1n the wrize, and {n the concentreticn ¢2 lead 1= tho 1loo¢, over.a period
of approxisately 10 wecks, At walch tics & plitoau bad basa rescbed (ia the lovels
of lead in urine and bicod) wWiich reacined Loihinzod tharailier, uatil the
sxperimental exposure wos altered or tormirated. L thoss Jacts 4o nind, sa
.a..a.a.Lmal.' Wes ueaiLed ADd CUIFAEG OUl WRerein TWO POTZONS, 1T HEiUllel respiratory
chaxbers, were subjocted to the inlalation of & suitadle ococpouss o2 ead (the
sesQuioxide), in fine disporaion (msan diameter 0.05 £icroa) 1a the ataoephsre

of the chazber, at the level of 150 micrograns per cublc meter. The scheculs of
sxposuro was initiated at 10.3 hours por week for 10 weeks, and expanded stepvise
to 21, 31.5 and 42 hours pu'.mh, during three additioaal periods, sach of vhich
was 16 weeks fn durstion. The result wvas a series of platesux of praduated
height in the concontration of lead in the blood (and in the urine), so that a
line connscting un average levels of the successive platosux continudd upward

at a uniforw slope, and oould bs extoncod at the saxd slope to 1C8 hours per

wosk. By such means, & reasonadle lppx:oxlntloa to the e2lect of oontinuous
oxposure oould dbe arrivod at,

Proceeding froa this background, & further experixont was carried out, with
nevw experizantal subjocts, at the level of 10 micrograns por cudic meter in the
atmosphers of the chacbers. Under these oonditions, this conceatration of lead
40 the atmosphere failed to evoke a Cofinitive inCTesse in the output of lead
in the urine, or in the coascentration of lead 1n the dlood, of ths subjects, at

any tize 12 the courss of a schedule that extended in a gradusted series from
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10.5 through 73.8 hours per week, The exposure ©f the subjocts was terminated

at the latter point, since there wes no hope of demonstrating a graduated incresse

128 tholr response. An additional experiment was then tnitiated at the level of
" '30 microzrams of 1ead per cubic meter under otbervise cospareble experimsntal
.'.;;chtim. This experisent 18 now umder wo) Bul Rzl net eiihold the stage at

mch—lay prediction as to the pIciille OULGREI SRR DB BEiJ.

" Ay estimate of the tolersble cozosntsiiion of lead in o &=biest air, that
might Do mede at this tipe, throush = oaleulsiicn of s typ; rarerrod to cdove, |
would have to be highly tentative, 43 our v-a7, #speclally zinoe exjerinmental

eovidence may bo expected to be forthcoxing wiilla a roasaaudle meriod of tims, It

would seea to be logical, bovever, As Juggpestol aAdove, Lo TIPNCIE2LRg the
imssdiate situation to this agoncy of the Cox=camealth oo Asnisyivenia, to make
. use of the method of calculation employed in ar=iving &t tLe Iisut) ©f § nmicrograms
of lead por cuuc'uur 88 the wpper tolersllo Lizis &2 The ccaconiration of lead
in the ambient air, (reference 1s pads hore to the too lotter3 ¢f Vistor E.
Sussman to Bobert A. Kebos, of Decoxder 135 and 20, 19€6). In so Coln:, 12 1
appropriste to introduce the factor which apjears, od recost evigence, to Lave

& reasonadle dosree of Quantitative validity,

i b s e

Attachod bereto 1s a chart, Table 1, derived froa & pudlication tuat has

Just come to hand, 1In i, the referonce to the publication 18 given, As &re &l180

the data obtained therefroa tiat are pertirent to our expericsntal oconditions,
These data bave boen employed, i round puzdsrs, 1a tlks calculation of the
tolaradble concentrstion of lead in tho anblernt aimosplere, 23 follows:
(1) 3f approxismately 10 per cent (in ths chart 9.25) 0f the lead inhaled
rw;l the atmosphere in our oxporirents $s availadle for ubsorpugn from the
. respiratory tract; (2) and 1f an acditional 10 per ceat of that coposited originally

in the respiratory tract and thesa wcred into the alimsntary tract s absorbded froa

the alimentary tract; (3) the figurs thus obtsiod now turns out to bo 18 micrograns

e b ek YT el
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per cubic meter. .

The Ligure 80 odtainod abovo is not necessarily or even probadly correct,
Experinental evidence i{s TeqQuirod for its verification or correction, 80 tLs Case
may de. It has, however, & rationil basis for 1ts derivation, and, as such, it
would seen to e the best estinate that can be offered as an approsch to &
suitadble criterioa,

One otder point reQuires some Cobsiderstion here. A factor which snters into
the proamulgation of a atandard of alr Quality, with respect to lead in the ambient
naolpbon)u that of the allowance tiat stould Do mzde for the variability in the
suscoptidbility of porsons and groups inm ths cosposition of the gereral population,
There is Do acceptadle convention that Ras the sYfshterst ratlomel poplfc2llllisy
to tiis physioclogical prodlem., A ocoasidered 'o;tnzoa miy no7 be bosed reasanably
o the evidence odtained by cliniocal observations in association with Quantitative
measuresents of snvironrsatal coaditions in the lozd trades and {n thL: comunity
genertlly, and on the phyllo!ogl.ul and clinical responses of large nuxdbars of
peTscns to such enviroarsntal conditions, Such Observaticas, xals oaly i3 the
conparatively recent poriod within uhich analytical fccilities have been egual to
the task (lp;ro::inuxy-ao years), havo deaozsirated, beycad any reasonable doudt,
that human susceptibility to the effects of tho abso:ptiocn of lead varies caly

within well-defined Quantitativé licits of =i.or;tior, Ti:i, Zor example, tde

"industrial enviyonment (in the lead-ucing i=dusiries) 45 =tiz:iizel feithiully

below certain establishad hazardous lovels, &nl vien 811 o (he cenditions under
vhich the employces work are a0 controllod that tholir absoption 02 lead Coes DOt
exoeed the acceptod level of snfety, no toxic effects 0f &, kind aye observed

st any tine in any persca during the most prolonged periols of e=ployzsant that
Aserican industry 4ffords. Similarly, the occurrence of lead »olsoaing within

the genaral populeticn, Amang childron and adults alike, is alvays associated with

levels of lead absorption (as shown by the lead ocontent of urine or dlood or

both) which have beon estatlished, in extensive experience, as dangorous.
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“ Conversely, in Our experiaacs, no person suffering froa lead poisoning has besn
found, st the onset of this 1llness =~ that s, in imaediato temporal relationship
t0 the exciting factors in the produotioan of suct, 11lness - w0 has not given
Quantitative uu\uyuul evidonce of the adesorption 0f daagorous Quantities of lead,
{By such chano"a, bere, &s mesnt A gezeral level of exoretion of lead in the
uriné, established through aceQuate sazpling, o2 at lezst 0.15 mg. per day or per
1iter, or & covcentration of at least C.08 > .02 =z, pav 1L grams of whole dlood,
49 deternined by pethods of analysis &8 sensiilve And Joocise 88 those employed
in the Kettering laboratory.) Budl ev.dence <b -...3, oY:ilzed by a Duzber of
experivnced {nvesticators curing the post thisty years, hes dazonstrated that
Luman suscoptibility $0 lond folsicili,, manilis.s 2emilZ, 82t6R, At And above 8
cortain level of absorstiocn, but not balow L{t, asd $hat tigo =sr3in letween the

. dangorous 1cvel of absorption and that which $s associatod .3 omu}; environzentsl

X conditions in m.a.-qnm ocoounity, generally, §s asmplo Icr o purposes of
differontiation. This is pot to say, arbitrarily or dozmitically, that thsre mAy
ot bo some persons within tbe total population, whose ability to handle lead,
phiysiologically, has Deen impaired in some significant zannsr, Such perscas must,
indeed, Do fow, and there 1s little reason to fear that any such parsons would bdbe
affected mnruiy by the general levels of environmental exposure to lead that
are undsr discussion in this statenant, There are still occaciocazl sorrces of
exposurs to lead in the modern Amorican coxmunity, that noed to be elininated or
controlled effectively, in order to pm;ruut the cccurrtace of lead polroning within
the gesorsl populatics, notadly apong young €ulllren, Suel cases, bovever, Bave 2o
relationship 4n tholir eiiolozy to the prevalling or imaincnt levels of the general

> environmontal exposure to air-borne lead, '

. .

Datedt Yobruiry 1, 1067
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TABLE I

The JCAP® lung Dynanics EKodelese predicts tha following
for particles of load sesquioxide as dofined below;

¥easured moan dianster » 0.08 microm

Ceocuetric standard deviation = ), 8¢0e
Approxipats donsity » 9 T
Count redian aorodyaanic diapeter ¥ 0.18 nicroa
Mass median Asrodyaamioc diazeter W 0.29 atoren

‘S Of That Predictad Clesrance % Ot Tt

Predioted Dopositiom ' lnbaled . (site) (Halt-time) Inhaled
Raso-pharyngesl 7.0 Blood 4 nia, e.Y
. G.3. Trast & ala, .3
Trecheo-bronchial 2.0 b ALEL] % madde 0.6
G.1. Trect 10 m,’. ,o‘
Pulnoaary 40.0 G.Y. Tract M Rr, 18,0
G.1. Tragt 50 day 18,0
Lymph ~blood 90 day 3.0
. Blood 90 day 6.0

' Total Deposition 55.0

% Ia Xxhaled ALy 45.0 at oQuilibriun 0.8% is cleared to dlood

% 4
48,57 18 cleared to G.1. tract

L International Comzission for Radiation Protection.

#¢  Developed by Tusk Oroup on Lung Dynamics for Committes II as publisbed ia
Health Faysics. Vol. 12, Mo, 2, pp. 173-308, 1968,

844 The model assumes & larger gecwstric standard deviation, Jor this partiole
size, the model would thua tond to overostisate depositios,
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