. Statement of Robert A, Kehoe, M.D,
at a Public Hearing of the Division of Air Pollution Contrcl
of the Department of Health of the Commonwealth of Pennsylvania
v in relation to
\ Ambient Air Quality Criteria
with respect to

Particulate Compounds of lead (Lalsw ¢tl ~#¢7)

e

-1, Robert A. Kehoe, represent the Kettering Laborétory, 1# the hepartment
of Environmentzl Health, of the College of Medicine of the Uhiversity of Cincinnati,'
Cincinnati, C:io, Since ny retirement, at slightly heyond the conventional age,
from thé “:rectorship‘oi his labexatory and Departmenu, in 1965, I have coatinued

L .

to be revponci“l- for tne Laboratory 8 expevimantal provram on the .behavior of
Jead in the hucan organism., This program, carxie& out for many years with the
Iinanqial support of industry, 1s now so sponsored by & group of indugtriel

organizations and by the Uﬂited States Public Health Service.

For the past five years, this work has been concentrated on the estzblishment
of criteria forlafriving at a8 standard of quality, with respect to the concentration
of 1ead in the anbient atmosphere that is +o1erab‘e for hunar beinge, when taken
into the respiratory systes, along with that which is taken into the alimentary
tract from other sdurces ih the general envi*onment, in particular, that contained
in oﬁr food and beverages, I am here to describe tve progyess and the present

position of these 1nvestigations.

7’

Another reason for my app2arance arose from the fact that cértain informaticn

which I provided in public testimony before the Muskie Comnittee in Washington, D.C.,

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

.. the Commonwealth of Pemnsylvania, of the mazimum concentration of lead in the

anbient atmosphere, which mzy be expected to b3 compatible with public salety.
The figures given at that time werce not provided for that purpose, and the

concentration of atmospheric lead which was obtained through thelr use is too low,

- evary A W



in my opinion, to be realistic, for the reason that a factor of ———=szgerzplo
magnitude was not taken into account in this calculation. I sz —err=xm to this
point later, :'. A -

To resume 'the digcuss* on of the experimental woi'k whick k== =yrwile«<t the
packground for the present statoment and those made elsewhore, == ==mociztes and
I, in tho Kettering Laboratory, have_ been engéged for the past Tme==Iy-eight yéars,
in a descriptive elucidation vo; the matabolism of lead in hum.;..—. susjects smdexr a

variety of conditions. These investigations have est‘abl'i'shed tZer soxmeral level ot .

the intake of }.ead in tl;e tood and heVerages consumed by healtky ==ie sudjects, and
in the output oi lead in their u"ine and feces, day by day over pexicds of aonths
and years, under the ordinary conditiox.:s ot life, excepting as tke sybjects hava
guarded agsinst any occupationai or otﬁer unusual exposura to l=z2d. To czrtain of
these sub:jeéts, lead in a series of dosaggs has been administered daily, =ith their
meals, with the o.b;}ective of determining the extent of the absorption azs the. |
excration of lea.'d, under these c'onditions,‘ and the amount of lecd that ac.m:zmlafed
in their bodies during periods of exparimental administraticn that rangec Zrom
1 to 4.5 years. As a by-product of these observaticns, the maximum quapzzity of
lead ingested daily i,n'food and beverages, which would result in 2 barely <ewmonstrable-
increase in the rate of the e:icrction vof lead _1n\the urine, without any czzresponding
increase in the concentration‘of lead in the blood, was determined., Thi=z i;‘&antity;
approximztely 0.v6 mng. of leadz ingested daily, resulted in the accumulatioz= in
the tissges of the subjects of an amount of lead of the order of 8 milli—rzms per
year, From these facts, i.t nay be taken that approximately 0.5 milligrzm = lead,
on the avcrage,’ can be ingested daily by the‘healthy Amsrican adult, witZcrez any

. risk, so long as the concent:;at;ion of lead in the az'nbient atmosphers dcezx =2t
exceed, appreciably, the level that it was known to be in the pertizentc zw=ws of

Cincinnati during that period (approximately 1.5 micrograms paer cZic retz=l).
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The experiments concerned‘with the inhalation of lead in the atmosphere,
ﬁnder the conditions of the labo&atory, in.which ve have been eﬁgaged, for the
past 16 yeafs, have not been quite so revéaiing of precise information, for two
reasons, The more potent of thevtwo reasons lieg in.tha fact tiat there has beeﬁ
no satisfacgory method for me#sﬁring the extent of the absorption of-lea& from the

rospiratory iract., fThe other reason stems from the viriual 1mpo§sibility, within

the iimits ol veasounable éosts, of maintalaing human subjectavcontinuqusly in ani‘

{ artificial atmosphere, wifh réspect tb‘lts:uniform con£gpt of iead; :Fbr va?iou§ :!“
reasonsy; an experimeatal effori has gone abéut as faxr as ¢ 1sfp£act1cable to go,
in this diréétioﬁ, whenvfhe §ﬁhJects #fe requized %o spend 84 hoﬁrs b;r week

- {half of their time) in ruspiratdry‘chambers‘»

" Accurate measurexent of the ultimite degres of the retention of particulale

lead in the respiratory system, following the inhslatiom of lead in the atmospherxe,

constitutes the obstacie to a satisfactory estimate of the‘quantity of lead |

available for absurption, The approximate quantity of the air-borne lead that
"18're£ained in the respiratory syéteﬁ'during # definite pericd of éxposure caa be -
"determined by 4 method which we have emplqyed at weexly intervals throughout most

of these experiments.(by weasurement of the lead content of the expired air and

subtracting this amount ;rom the Ieédﬂcontent of the air in the chamber)., But

the ultimate degree of the cléaiance of the particulate lead deposited-within the
respiratory tree, and movesl subsedquently to the alimentary tract, by various
mechanisnsg, is not determinable unless it can be visualized in its propér quantitative
relation to that which has been ingested with food and boverages. Zﬁhen one breathes
without respiratory protection, in an atmosphere heavily laden with particulate

lead compounds of relatively large size (1.5 mlcrong orvmore in dizpeter) lead

appears in the feces in quantitiss (ailiigrams) that stand out sharply against

the quantities (averaging 0.2 or 0.3 ng. per day) derived from food and bsverages.
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However, when the concentration of léad in the eir bregihed for soveral hours‘

per day is only a few micrograms per cubic mefer, as 1n~our experimants, ﬁhe
quantities of lead cleared into the alimentary tract are tooﬂgmall to excsed the
variability of'fhe fecal lead (due to ingested food), and al#o'too 8rall to be
1déntified abové tha variability and the sampling error of the lead in duplicates.:
of the food consumed from day to day - that is, of course, toa small to have
statistica1‘significance;? - It has been apparent, in 6ur‘respiratoryAexperimenya,
that the emcretion of load in the u?:né of the subjoétslﬁwhich is expected to ‘
have 2 well-defined-relationship to the amount of the absorptipn‘of lead from

the reapiratory tract) has uotvinCreaaed, uﬁder éontrolzed expcrimg;tal conditions;
to the extent mnticiputed, Lad all of the lead retained during tha'rcséiratory
cycle been avaiiable for absorption. Only vecently has there bteen any valid.basis
for ascribiné nunbers to the actual clearances of leéd fvom various pﬁrfs of theo
respifatory trea.. Hithertqo, in sﬁating the facts'observed.in our experimegis,

we have‘made no attempt to express these physiological phenomesa in qu#ntitativé
terms,‘but, instead, have given éhem qualitative récognition in tho ztatement that.'
"somevhat less than 50 per cent” of that’inhaled is rotalned in the pulmonary tree
and is available for absorétion. in one instance, I satiicated, roughly, that
approximately 20 per cent of ﬁhat inhaled,'appeaéed to ba aﬁaorbed.

I shall xeturn,'a little iater, to consider theldutcoma oZ the calculation
retefred to above, when the facior of the clearance qf.deposited partieulatévlead
is includasd, according to the best information now available. Msenshllzs, attantion
should be given to # means ofvovercoﬁing the obstaclé rresented by the necessity

o2 resortinz to intermittent raiher than continucus resgliratory exposure in our

experinmental approach to the problem of lead in the emblent air. A crucial
experinent has established a basis that is helleved to be sound,

Previous experiments, concerneG with the daily iugéstion of sufficlent quantities
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of lead with meals had shown that the rate of th§ excretion of lead in the urine,

and the éoncentration of lead in the_blood,increaéed at a.gubstantially cﬁnstant
yearly rate (wi?h seasonal and other variations within the yea#) over the entire
period of the a%ministration of lead in this manner, In contrast;vthé exparimantal
i{nhalation of léad; on a temporal schedule simulating that of the induétrial wéek
(37.5 to 40 hours per week) resulted in a fairly steady increase in the output of
lead in the urine, ang in the concent;ation of lead in ?he blbod,'overua pefiod "=-:
of apﬁroximately 16 ﬁeeks, at which time a plafeau had been raache@ {in the ieéeié’: ﬁ'?
of lead in urine and-blood) which remained unchanged thereaftéf, ﬁntil.thg o
experimental exposure was altered or terminated. With these facts in ﬁind, an.:
experimeni‘was designed and carried ‘out wherein*tﬁo ﬁef§0ns, in p#ralléi respirator&!
chambers, were subjected to the iphalation of a suitable ccmpound of lead (the
éesquioiide), in fine dispersion (msan diémater 0.05 picron) in the atmosphere

of the chanmber, ai the level of 150 micrograms per cubic meter. The schedulé o2
oxposuse %as initiated at 10.5 hours per week for 16 weeks, and expanded'atepwisa
£o 21, 31.5 and 423 hours per‘waek, during thres additional perlods, each of which
waszls weeks in duration. Tae resuif was & series of plateaux of graduated
height in the concentration of lead in éhe bload (and in the urine), g0 that a
line connecting fhe average levels of the successive plateaux confinuad ‘upward
at a uniform slope, and could he extended at the samgvsiope to 168 hours per
week. By suéh reans, a'reésonable appéoximation £o the effect of continuous
exposure could be arrived at.

Proceeding from this background, a further experiment was carried out, with
new exﬁerimental subjeéts, at tihe level of 10 microgvams per cubic.maief in the
atmosphore of the chambers. Under these ﬁonditions, this concentration of léad
in the atmosphere failed to evoke gléefinifive increase in the output'of lead
in the uripe, or in the concentration of lead in the blood, of the subjects, at

any tir2 in the courss of a schedule that extendsd in a graduated series from
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10.5 through 73.5 hours per week. The exposure of‘the subjectsidas terminated

at the latter point, since there was no hope of deﬁonstrating«a graduéted increase
1ﬁ fheir reSpbnse. An additional expetihent was then inifiatgd at the level of
‘20 microgramswot lead pér cubic méter undexr otberwise comparablé experimantal |

cdnditions. This experiment is now under vay but has not reached the stage at

-
o

\which any prediction as to the probable outcome can be made.‘

- Any estimate of the tolarable concentration of lead in the ambient air, that B
might be made at ‘this time, through a calculation of the type raferred to above,
would have to be highly tentative, in our view, especially since experimsntal
evidence may be expected to be forthcoming within a reasonable period ot time., It
would seem to ba logical, however, as suggested above, in representing the
inmediate situation to this agency of the Commonwealth of'Pennsylvania, t§ make -
use of the method of calculation employed in arrivihg ét’tho tigure of 5 micrograns
2 lgad por cubic'mater as thalupper tblerable 1init of the concentratiqn of leaq ;
in tke émbiené’air, (reference is made here to the two letters of Victor ﬁ.

Sussman to Robert A. Kehoe, of'Decembér 15 and 20, 1966)., 1n so doing, it is
appropriate to introduce the factor which appears, on recent evidence, to have
a reasonable degree of quantitative vﬁlidity.

Attached hereto is a chart, Table 1, derived from g.publicat;on that has
Just come to hand., In it, the reference to the publication is given, as are also
the data obtainéd therefromvthat are pertinen£,to our-éxperimental conditions.
These datavbave been employed, in round numbers, in tpé calculation of the
tolerable concentration of lead in the ambient atmosphere, as 2oliows:

(1) If approximately 10 pe; cent {in the chart 9.5%) of the lead inhaled
froh the atmosphere in our experiments 1is availéble for absorption from the
respiratory tract; (2) and if an additional 10 per cent of that deposited originally
in the respiratory tract and then moved into the alimantaiy tract is absorbed from

the alimentary tréct; (3) thke figure thus obtained now turns out to be 18 micrograms
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per cublc meter.

The figure so obtained above is not‘necéssarily or even probably correct.
Experimental evidence is required for its verification or correcﬁion, as the case
may be. It has, however, a rational basis for its derivation, and, as such, it

would seem to be the best estimate that can be offgred as an approach to a

suitable criterion.

Cne other point requires some consideration here, A factor which eﬁters 1nto '

the proﬁulgation of a standafd ot‘air quality, withvrespecf to’lead»in'thé ambient '

atmospherg)is that ot the allowanca that should be made for the variability in the -

i N

susceptibility of persons and groups in the compos ition of the general population.
fhere is no acceptable cénvention that has fhe glightest'rational appliqability

to this physiological problem. A considered\op%nion may now be based reasonﬁbly -
on the evidence obtained by_élinica; obsefvatiqns in assoc;ation with quantitati§e
measurenents of environmental conditions in the lead trades and in the community
generally, and on tha physiolovical and clinical responses of large numbers of
persons to such enviroamental conditions, Such observations, made only in the |
compaxatively recent periéd within vhich analyticalvfacilities have been equal to
the task kapproximat§1§-80 years), have demonstrated, beyond éﬁy reasonable doubt,_
that human susceptibility to the effects of the absorptxcn of lead varies only |
within well-defined quantitative linits of absorption. Wwhen, for example, the
industrial environment (in Qpe»lead-using industries) is méintaine& faithfull&
balow certain establishe& hzzardous 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 le;el of safety, no toxic effects Qflany kind are observed

at eny time in any person during the most prolonged pericds of employment that
American 1ndust:y affords. Similarly;_the occurrence of lead poiseoning within

the genaral population, among chiléren and adults alike,.is alvays associated with
levels of lead absorption (as shown by the lead content of urine or blood or ‘

both) which have been established, in extensive experience, as dangerous.
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conyersely, in our experience, no person sufiefing from lead_poisoning has been
found, at the onset of this illncés = that is, in immediate tamporal relationshif

to tha excitinv factors in the production of such illness - who has not given
quaatitative analytical evidance of the absorption of dnngerous quantities of lead.-
(By such evidence, here, 1is meant a generial level of excretion of lead in the |

urins, established through adequate sampling, of at least 0.15 mg. per day or per

\:> liter, or a concéntration‘of‘at least 0.08 ¢ 0.01 ng. per 100 grams. of whaole blcod,

§el

as determined by methods of analysis as sensitive and precise as those employad
in the Kettaring Laboratory.) Such evidence as this, obtained by 2 number o£
experienced,investigators during the past thirty yea:s, has demonstrated that
human susceptibility to lead po;soning, manifests itself, often, ét and above a
certain level of absorption, but not below it, and that the margin betwegn the
dangerous level of absq;ption and fﬁat which is assoeciated witﬁ ordinary environmentai
conditions in tha‘American community, geﬁegally,'is anple for the purposes of
different*ation. Th?s is not to say, arbitrarily or dog atically, that there mey
not ba some persons within the total population, wiose ability to handle lead,
physialog;cally, has bsen impaired in sone significant oRnNEr.’ Such persons musf, 2
indecd, be few, and there is little:reason té fear that any such persons would be
affected adverseiy by the génera; levels of»environménial exposureg to lead that

are under discussion in this statemznt, Thers are'étill occasional sources of
exposure to lead in the modesn American coﬁmunity,‘that need to be eliminated or
coritrolled effectively, in oréer to preveut thé occurycace of lead poisoning within
the general population, notably-among young children, éuch cases, however, have no

relationzhip in their'etiology'to the prevailinz ox imminent levels of the general

environmental exposure to air-borne lead.
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TABLE X
The ICRP* Lung Dynamics Model** predicts the following
. . for particles of lead sesquioxide as definszd below:
¥easured mean diamster = 0.05 micron -
Geonmetric standard deviation = 1, 6***
Approximate density = 9
Count iedian aercdynamic diameter 0.15 micron
Mass median aerodyﬁamic diamater‘a'o 29 micron A
| % Of That Predicted Clearance % Of That
Predicted Deposition  Inhaled »{Site) - (Helf=time) - Inhaled .
Naso-pharyngeal = 7.0 .0 Blood "4 min, 0.7 :
Tracheo~bronchial 8.0 Blood 10 min, - 0.8
' : ' G.I. Tract 10 min., 7.2
£ Pulmonary 40.0 G.1. Tract 24 hr, 16.0
1 : G.I. Tract 90 day 16,0
$ I : ‘ ‘ Lymph ~blocd S0 day 2.0
‘ - " Blood 80 day 6.0
. o — T
! Total Deposition 55.0 . |
: % In Exhaled Alr 45.0 at equilibrium 8.5% is cleared to blood
-i ) 45,5% 48 cleaved to G.I. tract
% L ) .
; :
i
} = .International Commission for Radiation Protectioa.
§ 4¥ . Doveloped by Task Group on Lung Dynamics for Com&ittee I1 as published in
Health Physics. Vol, 12 No. 2, pp. 173-208, 1988,
kK

The model assumas & largey geometric standayrd deviation. TFor this particle
size, tho model would thus tend to overestimate deposition.
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