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- Statement of Robert A. Kehce, M.D.
at a Public Hearing of the Division of Air Pollutlon Contrcl
of ths Department of Health of the Commonwealth of Pennsylvania
. in relation to

| Ambient Air Quality Criteria
v with respact to

H Particulate Compounds of lead (Paizst “¢*“’ ’?{3J

1

I, Robert A. Kehoe, represent the Kettering Laboratory, iﬁ the hepartmenf

of Environmental Health, of the College of Modicine of the University of Cincinnati,‘
' Cincinnati, C:io, Sirce ny retirement, at slightly beyond the coaventionzal age,
froz tne Df.rectorship o.t th' 5 labeyatory and Department, in 1965, I have coatinued

R . ] .
to be recponsﬁhla for'the Laboratory’s experimantal provrﬁﬁ on the .kehavior of
Jead in the human organism. 7This program, carzied out for many years with the
iinanqial support of industry, is now so sponsorod by a group oi indugtrial
organizations and by the United States Public Heal: th Service.

For the pas} five years, this work has been concentrated on the establishment
of criteria forlairiving at 2 standard of quality, with respect to the concentration
of lead in the amblent atmozphere that is +o1er able for hLmun baings, when tzken
into the respiratory systen, along with that waich is taken into the =2limentary
tract from other sources in the gezeral environment, in particular, that contained
in our food and beverages. I am here to describe'tﬁe proglress and tbe.present

position of these investigations,

Another reason for my appgarance grose :rpm the fact that cértain informaticn

-

which I provided in public testipony before the Muskie Comnmittee in Washington, D.C.,

some months ego, has besn made the basis for a calculation, by this agency of

~... the Commonwealth of Penﬁgylvania, of the nagimum concentration of lead in the
anbient atmosphere, which mzy bz expected to b3 compatible with public safsty.
The figures given at that time were not provided for that purpose, and‘the
conceniration of atmospheric lead which was obtained through their use is too low,
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4n ny opinion, to be realistic, for the reason that a factor of —=———==ri=w=blo
magnitude was not taken into account in this calculation. I sZazx - —~>—wmem to this
point later, _ -

To Tresume 'lthe diécussion of ths experimental wofk vhich hz= =x=owidest the
background for ;;he present statement and those made elsevhere, == ==sociztes and
I, in the Kettering Iaborafory, have been engéged for the past Twme=sIy-eizat yéars,
in a descriptive elucidation ‘o; the metabolism of lead in hum-ﬁ;.= susjacts uder a

variety of conditions. These investigations have established t%e Someral level of o

the intake of lead in the food and beverages consumed by healtky m=le subjects, .an.d
in the oufput .'o-i lead in the_ir urine and feces, day ‘b} day over per:.ods.oz zonths
' ~ and years, under the ordinary conditiox.:s olf life, ‘excepting as tke subjecss have |
guarded agslcst sny occupationai or otﬁer unusual exposurg to lazd. To czrtain of
thesge subjeéts, 12ad in a series cof dosaggs has been adoinistered daily, with thelr
meals, with the o.bject:l.ve of determining the extent of the absorption ane thc; |
excration of }.ee.'d, under these c'onditions,r and the smount of lecd that zce-wsulated
in their bodies during perlods of exparimental administraticn that rangee Zronm

1 to 4,5 yeaxs, As a by-preduct of these. observaticn:-s,l the maximum qazui:‘;’;y of

lead ingested daiiy in food and beverages, which would rcsult in a2 barelr <Lemonsirable-
increase in the rate of the e:ﬁcrction 'of lead 1nlthe urine, without any c=rresponding
increase in the concentrgtion‘of lead in the blood, was determinasd, Thiz -.;-.-:antity;,
spproximately 0.6 mg. of lead., ingested d_aily, resulted in the accumulatsioz in |
the tissqes of the subjects of an amount of lead of the order of 8 millizr=m3 per
year, From these facts, it may be taken that approximately 0.5 pilligrza = lead,

on the average,. can be ingested dailly by the‘hea}.thy Amsrican adult, witZcnsz any
risk, so longz as the concentr.ation of lead in the aﬁbient atmospherz deaz =t

exceed, appreciably, the level that it was known to be in the pertizanc awwes of

Cincinnati during that period {approximately 1.5 mlcrograms par ¢=ic ez,
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The experiments concerned.with the innhalation of lead in the atmosphare,
ﬁnder the conditions of the labo&atory, in which we have been ehgaged, for the
past 16 yea£s, have not been quite so revéaiing of precise information, ror two
reasons, The more potent of the two reasons lies 1n tha fact that there has beeﬁ
no satisfactory method for measuring the extent of the absorption of lead from tho
rospiratory tract, The other reason stems from the virtual 1mpossib111ty, within |
the 11mits of veasonable coats, of malntalaing human subjects continuously in an-
artificial atwmosphere, with respect to lts unirorm content of lead. For va#ious

reasonsy; an experimental effort has gone about as far aa i¢ is practicable to go,

in this direction, when the subjects are requized to spend 84 hours per wesk

- {half of their time) in rwspiratory chambezrs. .

" Accurate measurexent of the ultimite degree of the retention of particulata
lead in the reupiratory sysiem, Zollowing the inhslaticn of lead ia the atmosphexe,
constitutes the obstacie to a satisfiactory estimate of the quantity of lead

available for absorption, The approximato quantity of the air-borne lead that

* v 48 retained in the resplratory system'during & definite pericd of exposure cza be

"determined by & rmethod which we have employed &t weeXly intervals throughout wmost

of these experiments.(by measufement of tﬁe jead contant of thg expired air and
subtracting this am§unt from the lead .content of the air in the chamber). But

the ultimate degree of the cléarance of the particulate lsad deposited-within ths
respiratory tree, &nd moveg subSequently to the alimeatary tract, by various
mechanisng, 1s not determineble unless it can be visualized in 1ts prop er quaniitative
relation to that which has been dngested with food and boverages. {Ehen one breathes
without regpiratory protection,'in an atmosphere heavily laden with porticulate

lead compounds of relatively large size (1.5 mlcrong or.more in dizmeter) lead
appears in the feces in quantitiss éﬁilligrams} that stand cut sharply against

the quantities (averaging 0.2 or 0.3 ng. per day) derived irom food znd bsverages.
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However, when the concentration of lead in the eir breathed for soveral hours

day is only a Ifew micrdgrams per cubic meter, as ia our experinants, the

pez
quantities of lead cleared into the alimentary tract sre too small to exceed the
variability of'fhe fecal lead (due to ingested food), and al#oltoo small to be
1d§nti£ied abové tha varlability and the sampling error of the lead in duplicates.
ot the food consumed from day to day - that is, of course, toa small to have
statistical signiiicance;7 -1t has been apparent, in 6ur'respiratorﬁhexperimenps,
that the é;crétion of lead in the uxiné of the subjoéts‘jwhigh is expected to -
have 8 well-defined-relaticnship to the amount of the absorptipn‘of lead frem

the reapiratoxy tract) has uot.increaaed, uéder controlied experims;tal conditiona;
to the extent enticipated, Led u2ll of the lead wetained during the rcsﬁiratury
cycle been available for absorption, bnly recelitly has there becen any valid.basis
for ascribiné nunbers to the actual cleayances of leﬁd from various pﬁrfs of tha
respiratory trea: Hithertoo, in sﬁating the facts.observadiin our expcrimen£s,

we hava‘made no attempt to express these physioclogical phencmsna in qu#ntitative
texrms, but, instead, have given éhem qualitative recognition in tho statemant that.‘
"somevhat less than 50 per cent” of Lhat inhaled is reotaluad in the pulmonary tree
and is available for absorﬁtlon. in one instance, I eatlaated, roughly, that
approximately 20 per cent of that inhaled,’appeafed to be aﬁsorbed.

i I shall xeturn,'a little iater, to consider the‘dutcome o the calculation
referrcd to above, when the facior of the clearance qf.deposited particulnt;'lead

is includesd, according to the best information now available. XMsenzhile, attantion

should ba given {o a means of overcomiug the obstacle presentod by the necessity

of resorting to intermitient raiher than continucus resplratory exposure in our

experinental approach to the problem of lead in the emblent air., A crucial
experiment has estoblislied a basis that is helleved to be sound.

Previous experiments, concerneG with the daily iugéstion of sufficlient quantities
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of lead with meals had shovn that the rate of th? excretion of lead in the urine,
apd the éoncentration of lead in the_blood.increaéed at a.gubstantially cénstant
yearly rate (wiFh sgasonal and other variations within the yea#) over the entire
period of the a;ministration of lead in this manner, In contrast;‘thﬁ exparimental
inhalation of 1éad; on A& temporal séhedule simu;ating that of the 1ndu§tria1 vieek
(37.5 to 40 hburs per week) resulted in a fairly steady increase 1# the .cutput df
lead in the urine, an@ in the concant;ation of lead in ghe bléod,‘overua pefiod ‘,-
of apﬁroximately 16 ﬁeeks, at which time a plafeau had béen raached (in the ieﬁeié o
of lead in urine and~blood) vhich remained wnchanged thareaftpi; ﬁntil.ths o
expérimental exposure was alferad or terminated. With these facts in ﬁind, énu
experimenflwas designed and carried ‘out wherein‘tﬁo ﬁaféons, in péralléi respirator§ .
chambers, were subjected to the inhalation of a suiiable ccmpound of lead (the
éeSQuioﬁide), in fins dispersion (msan diémater 0.05 nicron) in the atmosphere
of the chamber, a% the leVgl of 150 micrograms per cuble mester. fThe schedulé o2
exposuse %as initiated at 10.5 hours per week for 16 weeks, and expandeﬁ'stapwisa
fo 2%, 31.5 and 42 hours per-week, during three additional perlods, each of which
waazls weeks in duration. The.resuif was a series of plateaux of graduated
height in the concentration of lead in fhe blood (and in the urinej, a0 that a
linzs connecting fhs average levels of the successive plateaux confinuad ‘upward
at a uniform slope, and could bhe extended at the samg.siope to 168 hours per
week., By such means, a'raésonable appfoximation éo the eifect of continuocus
exposure could be arrived at. |

Proceeding from this background, a fu;ther expsriment was carried out, with
new exﬁerimental subjects, at the level of 10 micrdgrams per cubic maferAin the
atmosphore of the chambers. Under these éonditions, this concentration of léad
in the atmosphere failed to evocke g‘AGfinifive increase in the outpuﬁ'of lead
in the uripe, or in the concentration of lead in the blood, of the subjects, at

any tima in the course oi a schedule that extendsd in a2 graduated series from



10.5 through 73.5 hours per week, The exposure of.the suhje#ts'ﬁas terminated
a{ the latter point, since there was no hope of deﬁonstratingwa graduéted increase
in fheir respﬁnse. An additional ekperihent was then.iniﬁiatgd at the level of
‘20 microgramswof lead per cubic meter under otherwlse c0mparab1é experimental
-Vééﬁéitioné; This experiment is now under way but.has not reached:the‘stagé at
‘wﬁibﬁ’;ny prediction as to the.pfobable outéome‘can ba made; | |
Any estimata of the tolerable concentration of lead in the ambient air, “that : '._
might be made at this time, through a calculation of the typa referred ‘to ahcve,:q.

would have to be highly tentative, in our view, especially since experimsntal

evidence may be expected to ba forthcoming within a reasonable period of time, It o
would seem to bs logical, however, as éuggested above, in reprgsentiﬁg‘the R
inpediate situation to this agency of the Commonwealth of‘Pennsylvania, t§ make
use of the method of éaléulation employed in arriviﬁg ﬁt'tho figure of 5 micrograns
&2 lgad por cubic‘mater as the'upper tdlerable 1init of the concentratibn of lead 4
in the #mbiené'air, {reference is madé here to the twc letiers of Victor ﬁ.
Sussman to Robert A. Kehoe, of December 15 and 20, 1966}, In so doing, it is
appropriate to introduce the factor which appears, on recent evidence, to have
a reasonable degree of quantitative validity. |

Attached hereto is & chart, Table i, derived from g.publicat;on that has
Just coms to hund, 1In it? the reference to the publication ia givep, as aré_aléo
the data obtainéd thercfromf that are pertinegnt to our éxperimental conditions,
These data‘have been employed, 1n round numbers, in th caleculation of the
tolerable concentration of lead in the ambient atmosphere, as foliows:

{1) I approximately 10 pa; cent (in the chart 9.5%) of the lead inhaled
frdm the atmosphere in our experiments is availéble for absorption from the
respiratory tract; (2) and if an additional 10 per cent of that deposited originally
in the respiratory tract and tﬁen moved into the alimantafy tract is absorbed from

the alimentary tréct; {3) tke figure thus obtained now turns out to be 18 micrograms
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per cublic meter,
fhe figure so obtained above is nqt ngcessarily or even probably correct.
Experimental evidence is required for its verification 9¥ corregfion; as the case
may be, It has, however, a rational ﬁaéis‘for 1f$ Qerivation, and,lgs sﬁch, it:
would seem to be the best estimate that can be offered as an'gpproaéh to a_‘
suitablg criterion. | |
Cne other point requires‘somé consideration.haié. A factor which eﬁteya into :

thé promulgati&n of a-at§ndafd ofrair qualigy,’with;respecf to’ieaﬁ-in ;ha a@bienﬁ
_}tmogpgerg);gh?hat“ot.thelallowanca @hgt q;ould ba madé for the variability'in gﬁe a

oo T S » o S . o .
susceptibility'of persons end groups in the composition of the general'population.
There is no acceptable convention that has the slightest‘rational apﬂiiqability
to this physiological problem. A considered‘op§n£on may now be based reascnﬁbly -
on the evidence obtainsd by clinical observatiqns in assoc;ation with quantitatiﬁe
neasurenanta of environmental conditions in the lead trades and in the community
generally, snd on tha physiolov£cal and clinical responses of large numbers of
persons to such enviroamental conditions. Such observations, made only in the
compaxatively recent periéd within which analytical.facilities have beon equal to
the task fapproximatéiﬁ—ao years), have demonstrated bzyond ﬁﬁy reasonable doubt,_
that huran susceptibility to the effects of the absorptlcn of lead varies only
within well~-defined quantitative linits of absorption. Wwhen, for example, the
industrial environment (in the lead-using industries) is maintains& faithfull§
below certain establishe& hazardous levels, and when ail of the conditions under
which the employees work are so controlled that their absorption of lead does not
exceed the accepted 1e;01 of safety, no toxic effects Qf'any kind are cobserved
at eny time in any person during the most prolonged pericds of employment that
Amarican industry affords. Similarly;-the occurrence of lead poisening within

the general population, among children and adults alike, is slways associated with

levels of lead sbsorption (as shown by the lead content of urine or blood or
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con&erSely, in our experience, no person suffefing from lead_poisoning has been
found, at the onset of this illnaés - that-ig, in 1mmed1atertemporg1 relationship

to tha exéiting factors in thq productioﬁ of such illhéss -lwhd haa‘not'given
quantitative analytical evidance oflthe-absorﬁtioh of dangerous guantities of.iéad.;
(By.;uch evidence, here, is meant a general level of excretion of lead in tﬁé |

urind, established through adequate sampling, of at least 0,15 mg. ﬁer day or per

3 1liter; or a coucentration of at least 0.08 £ 0.01 mg. per 100 grams of whole blood,

as determined by methods of analysia as sensitive ang.precise.as_thcpe émployed
in thz KettéfinéiLaBSratbry.) Sﬁch evidence as thi#,'obtaine& éy a nunbter é#
experienced investigétors dufing tﬁe bgst thirty yea;s,'haa demonstrateé thét
human sugceptibility to lead po;soning, manifests itself, often, ﬁt and above a 7
cortain level of absorvtion, but not below it, and that the margin betwegn the

dangexous level of absorption and that waich is associated with ordinary eavironmential

-+

conditions in the American community, generally, is ample'fof the purposes of
dif#ercntiation. This ;s not to say, arbitrarily 6: dogrmatically, ihat thera may
not.ba sone persons within the total population, wiose abilipy to handle lead,
physioiogipally, has bsen'imﬁaired in some significant manner.’ Sucﬁ persons must,
1ndeed,-be few, and there is little:reason té fear that any such persons would he
affected adverseiy by the génera; levels of_environménial exposure to lead that

are under discussion in this statenm=nt, There are'étill occasional sources of
exposure to lead in the modewn American coﬁmunity,'that need to be eliminated or
controlled effectively, in oréar to prevent thé occurvcace of lead poisoning within
the general population, notablyramong young children. éuch cases, however, ha?e no
relationship in their'etiOIOgy't; the prevéiling or imminent levels of the general

environmental exposure to air-borme lead,
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TABLE I_
The ICRP* Lung Dynamlcs lodel%**® prediets the following
. . .;orlpa?ticles of lead sesquioxide as definesd balow:
P ;‘-' . . ,. ) N "_‘:
Measured mean diamater = 0.05 microm -
Geometyic standard deviatioan = 1,6%%x
Approximate density = 9
Count iedian aeredynamic diametar = 0.15 micron
Jass median aerodynamic diamater‘a'o 29 micron A
_ % Of That Predicted Clearance % of That_l : ““!‘
Predicted Deposition Inhaled . »{site) (Helf~time) - Inhaled R
'Naso-pharyngeal  :* 7.0 - '~ PBlood "4 min, K
: = Co e e T GeYe Tract 4 min, - 8.8
Tracheo-bronchial 8.0 Blood 10 min. - 0.8
' : ' : ' G.I. Tract 10 min.. 7.2
' : ' .
{ Pulmonaxy 40.0 G.1. Tract 24 hr. 16.0
T : G.I. Tract 90 day - 18,0
t : : Lymph ~blocd S0 day . 2.0
oo " Blood 80 day 6.0

o Total Deposition 55.0 .
% In Exhaled Alr 45.0 at equilibrium 9.5% is cleared to blocd
_ i 45.5% 18 cleayed to G.I. tract

) .International Commission for Radiation Protecticn.

*¥ . Doveloped by Task Group on Lung Dymanmics for ComJittee 11 as publishad 1n

Health Physies. Vol. 12, No. 2, pp. 173-208, 1988.

*%% The model assumas a larger geometric standard deviation., For this particle

size, the model would thus tend to oversstimate deposition.
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