March 3, 1960

Duavid W, Fassett; M.D., Director
iaboratory of Industrisl Medicine
Lastman Xodak Company

wodak Parkx Works

Rochester ¢, N,Y,

Dear Dave:

Herewith are the two copies of my contribution to the book., I

hope the text will be to your liking, I could have doae better if

I had started sooner and taken more time, but I am fairliy well pieased
with the result., You (or Frank Patty) may think I have been a bhit
wordy in spots, or that there is gowe wnecessary repetition., Tais
may be true, but I am not inclined to think so. Pzrhaps I woulcdn't
be sufficliently critical. I am convinced, nowsver, that there have
been some islands of ccocniusion or lack of understandiang in this
general oroblem, and I've tried hard to eliminate them.

Something might have been said on toxicity per se. iIn my view, the
iatrinsic toxicity {in the sense of lethel concentrations or dosages)

of these compounds, even of lead arsenate, for example, which combine's

two elements, is almost wholly irrelscvant so far as occupational expsure
and absgorptloa axe coacerned, and therefore, 1 have siuply omitted
reference to toxicity. The only important question relates to the rate and
duration of a relatively proloaged and not inmediately dangexrous absorption
and this, after all, is not a question of relative toxicity but rather the
charzeteristic behavior of lead in the body.

i shall be gied to have any comments or c¢rxiticisms wnich seem to you to
be justified, I have edited the text most{ carefully, but I shall be
surprised 1f you do not find some errors that kave slipped past me, I
belicve the manuscript is failrly satisfactory in matters of form.

Sincerely yours,

Robert A, Xehoe, M. D.
RAX: 88

Enclosure {2 copies of manuscript)



THE RISK ASSCCIATED WITH THE ABSORPTION OF LEAD
BY TIE GENERAL POPULATION IN THE UNITED STATES

The Conditions quer Whichagge Ingestion of Egad i1s Hazardous

by
Robert A. Kehoe, M.D.%

From the Kettering Laboratory in the Department of Environmental Health,
College of Medicine, University of Cincinnati, Cincinnati, Chio 45219

% Professor Emeritus of QOccupational Mzdicine

The discussions of this meeting are concerned with the degree of risk of
lead poisoning, if any, to which persons in the general population of the
United States of Amervicae are subjected through the occurrence of lead in their
general en#ironmeﬂt. In examining this problem, it is necessary, first, to
differentiate between general environmental conditions, and those which have
long been gnown to be potentially hazardous in certain iead trades and lead-using
indusfries. It is also‘necessary to recognize §ertain other situations in
vhich lead\poisoning occurs, wien, through innocence, ignorance or irresponsibility,
the non-occupational environment of an individual, a family, or somec other
group may be rendered dangerous by personal behavior, or through the utilization
of materials or eGuipment commonly known to be dangerous. An example of
unusual beshavior is that of the infant, usually poorly cared for, who habitually,
for weeks or months, eats dangerously large quantities of lead-containing paint
from the surfaces of outer or imner walls, woodwork, furniture, or toys, in his
homz. Further examples are furanished by the owner of an igolated cabin or
camp, Or even & permanen£ home, who conveys water into his house from a spring
or other source through a long stretch of lead pipe; or by the frugal collector
of maple sap, who preserves his wooden pails against disintegration by coating

or
then generously, inside and out, with o paint high in its lead contenta\by.the

art-conscious but technically incompetent potter who.puts out a badly glazed

KE 00038587 NO758.01



brand of tablewarc with which to bepuile aesthetic housewives into feeding
their Xamilies dangerously.
Tae foregoinz arc but a fow examples of serious dangers associated with
the ingestion of lead compounds, as variants of a host of recorded and asscembled
{1, 2, 3) human eXpericnces which, collectively, have been responsible for
numerous and sometimes fatal cases of non-occupational lead intoxication -
incidents and epidemics which have come and gone over the centuries, some of
waich have been investigated and elucldated in times past and present. BPBui
vhaile some of the havg been informative, with respect to the queontitative
relationchips between dosage and time in the induction of lead poisoning, 1t is-
nly in those respects that they arc pertinent to the subject under discussion
herz, TFor the objent of present concern is not the incident or the mischance
that hor yielded the vnusual ctse of lead poisoning within the general population,
but ig, rather, the prevalent,regulor exposure to and absorption of lead, which
arc the common lot of people who live in the environment of a modern technolegicul
The question, as I choose to restate it for my purposes, is threcfoild.
Vhat are the facts with respect to the magnitude of the total exposurce to lead
to which citizens oi the United States are being subjected? Is such cxposurc
hazoardous fo a certain sezgment {or segments) of the population now or in the neae

future? If not, what margin of sofoty exists, or should exist? I an scheduled

_to speeir only of the hazard of ingested lead, and I shall fulfill to this mandate.

However, it must ke evident to all of us, that this is but onc facet of the
maticxr ot issuc, and that it cannot be dealt with, at this or any other time,
in indcpendeonce of the respiratory absorption of lead. Therefore, in order to

determine the threshold valuc of the alimentary factor in relation to public

safety, the respiratory component must be held constant, and vice versa. This,
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for all practical purposes, is what has been done in an experimental approach

to this matter,

Tho Total lomnitude of the Current Exposure of the General Population to lLead

in the course of a series of investilgations carried out in the Kettering
Iaboratory during the past forty years, but more specifically, those of the
past twenty-cight years (because of the essential uniformity of tho analytical
mathod employed during that period), it has been possible to visualize, in a

fairly comprchensive manner, the dally contribution made to the alimentary

intake and ahsorption of lead by the food and boverages consumed generally in

sotisfactory approxination of the quoantities of lead breathed in from the
ambient otnosphere by adulis in the population has aiso been arrived at, {Thz

iatter quanitities vary from tims to time and from place to place, and also, to

et
tu\
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some extoent, from individual to individual, os do, also, the quancities ingmestcd

in fecod and drink. There is no present means, however, by wihich the respiratory
intake can be measured, directly, so as to obtain a statigtically valid arrar
cstimated
ny

of findinga., Thergiore, they must be exnressed as a range of, values, for which,

[ »]

t present, therc is little virtue in an average value. The range, however, is

3

ot extensive in the absolute sense, and there 1s little doubt that the order of
magznitude encompassed thereby is realistic.)

The focd and beverages consumed dally by an adult in the United. States
contain lecd in amounts which ranpge from somewhat less than 0.1 to 4.0 milligrams
{ccecasionally more). Thre lowermost and the highest valdes occur infrequently,
the largce proportion of the quantities grouping themselves regularly around the

mean valuz of approximately 0.3 nz. per day (this mean value is derived fronm
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a large number of results obtained from a sizeable group of adults; the mean
valuos for individunls obtained by daily observations over periods of months or
years, range from 0.12 to about 0.38 mg. per day, their variance being due to the

differences in the gross quantities and the choices of food and beverages consumcd

e

habitually, by different individuals of different size, occupation, and appetite,

The quantitics taken in daily with the inspired aix may range from somowhat

ot

ess then 0,015 to 0.09 (15 to 90 micrograms) per day, (no doubt, being
conglderaobly closcry,as the usual experiencs, to the lower than to the higher
value}, depending uvpon where and in wvhat manner one resides and where snd how

he works; i.c., upon the quelity of tho ailr breathed during the 24 hours of cach

day, with respect to lead content, and upon the rate and depth of the respiration

The quantities of lewd absorbed into the human body {rom the sourceo
indicasted above moy be estimated with faiy accuracy on experimental evidence
vihich showus that somowhot less thon 10 per cent of that ingested under ordinary
circumstences is chsorbed daily from the alimentory tract, while from 25 to &0 pow
cent of that inhkaled (5), dependent upon the size, shape and demnsity ci the
parciclies inhulcd,‘is vetalned and absorbed in the ruspiratory system. Tao
average quantity absorbed daily in the alimen;ury tyract of the adult is of tho
order of (.63 milligram (30 micropgrams), whilo o reusonably satisfactory estimate
cof that absoxbed in the respirafbry systenm would not be far {rom 0.2 milligram

or 20 micrograms {5,6).

Tac Silgnificance of the Current Exposure of the General Population to Jead, fronm

a

the Aspect o©

(28]
et]

1
Tazoxd

If there ic to be a satisfoctory answer to the question as to whether the
current trend in the absorption of lead by the general population is hazardous,

tho ansver must come, it seems, Irom quantitative, physiological information ag

YU
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to the fate of lead absorbed over long periods of time (extended, in the final
sensc, to the human lifetimo), and from the facts of toxicology and clinical
mediginc, as to the conditions under which intoxication by lead occurs.

First, wlth regpect to tho metobolism of lecad talien in and absoxbed by

i

typical representatives of the healthy, adult population, the facts, while
sceminzly not so comprehensive, in relation to a population of nearly two
hundred millicen pecople distributed throughout the wide expense of the United
States, as to cover all of the possible environmental variastions, are co unifornm,
rhysiologically, s to bz convincing, The results of experiments carried out
under exacting conditions in the Iaboratory, supported in breadth by exteansive
sonmpling of selected and random groups ia the population, have demonstrated,

(=2} thot the intale of lead by typical, healthy, malc adults is balenced for all

practical purposes, by an ogquivalent output; () thoet therc is no progrevsive

wneTeass, over prolengsed porioé%of time, in the ratec of the execrection of lcad
A

from the bedy, nor in the conceontration of lead in the blood; cond {c} that any
increasce ia the concentration of lead in tho tissucs of the bedy, including the
ckeleten, wilich may occur ovor the span of life, is too small to bo moasurcd,
boirg within the limits of the individual variability in the intake ond outpul
of lead €4,5). (The latter statcmont should not be pmisinterpreted to mean that
the total guantity of lead found in the body doas not increaese with growth fren
childhood to adult life. The increase obserxved, however, is not accumulatiocn,

in the physiolegical sense, but is, rather, the maintenance of a balanced

concentration of lead in individual tissues, that is to say, the maintenance of

an equliibrium vith theo environmoné.
Scecond, with reospect to whether tho concentration of licad in the tissucs of

pocople, genorally, in the pepulation, and the quantitios in their ontire bodics

and in tho motabolic processes described above, constitute & rigk - tho risk of

e e
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1étoxication by lead in any form known to physicians, physiologists and
ts -~ the ensver is in theo negative. The toxic cffects of lend upon
the human lLedy, as cxpressed in the more scvere types of plumbism hnotn classically,
both bkofore and sinse tho days of Tanquerel dos Planches (7), have not becen secn
froequently in recont years, but they still occur from time to tirme, cespecially
amone children, to display the immediate signs and symptoms and certain sequoleac
Z the most demaging forms of plumbism, The milder types of leed poisoning ere
the more concon monifestations of the discase in cur timo, in the adult, and,
bocause of thisy; much attention has boen fozused upon bilochemicel evidences of

disturbonces in tho rates of desiructicn and xeplacemsznt of the crythrocytes and

degradation and synthesls of hemoglobin, These disturbances, vaile not
confined to the eficcts of léad, are among the earlier and more subtlc changes
inducoed Hy lead, wihilch may givo warning of pore scericus symptomatic and orpanic
cffcets o follow, Lven thesc subtle chemiesl changes do noi cgcur in escecioticn
the concentration of lecd that arce prevalent in the tissucs
kodyr fiulds, and cxercta of persens in the general population that have noz
boen subjecicd to unusual types of cuposurce to lead, The evidence on this point
is exntensive and ceuvineing (5,9,10,11), and from such evidence, cobtoined frex
unuoual incidonts and ageldents within the goneral population, inciuding thosc
involving infants and small children, and from a wealth of systemotic obscervation

groups cf porsons cagaged in occupations that yield cases of lead poisoning, as

v2ll os thosc that do not, has dermonstirated thoat there is o critical concentration
{or a narrcw range of concentraticn) of lead in the body (in the tissues,
including the blood, and in the urinc), below which nonc of the obviocus or cven
susgestive ranifestations of plumhism have bhecn found., In the intact livins

bedy of men, the most rcadily available tissue for sampling is the blood. This

tissuc is the most preciso indicatox, under certain necesgary and appropriate




conditions, of the lead content of the entire living body, and, specifically, of
the goft tissues of the body. (The measurement of the rate of the excretion of
lecad in the uripo can often but not always be counted oﬁ to yield the same type
of information, but the difficultics of sampling, and the physiolopical
voariabllity of the cxeretory process combine to make this poasurcment moxe

difficult of interpretation than that of the concentyxation of lead in the blocd.)

Betwecn the Curreni Levols of the Concentration of Igcad in the Genera

in
tion and Tupso Associotod Wizh thﬂ Occurronco of Lead Poisonlnw

Tbo Mzzg
>opuliatd

Tho loarpe proposxtion of cases of load poisoning arc assceciated wiith the
abgorpiicn of yelatively large quantities of lecad. The quantities found in
individusi orgens, in the blood, and in the urine, in typical lead poiscaing,

are mony times laryger then those found in the corresponding organs, bleod and

Pl

urine oI porsens in the genoxal population. The skeleton, for czample, moy

B

-~ la - ' . o
conuvoin Iron ten o

twvonty timon Che usunl levels found in persons in the general
pepulatien, The liver, kidneys ond brain, likewise, may contain eight to ten

times the usuel quantities, while the concentration of lead in the bleed is

as a rule,
similaxrly clevated, the values ranging,from 0.1 to 0.8 nmg. (180 to £09 nicrograns)
2 ) o)/

$

per 100 gﬁar» of whole blocd, as cont ted with the highest valus, 0,05

€C0 micrograms) per 140 grans, Aozqd Smony persons in the nopulation who have

been screcned, corefully, to climinate all occupational factors (5,8). COccasior
cages of leoad poisoning are found, usually after an intervening period of
freedon from oxposurc occasionod by o delay of somoe wecks beforz the blood has
baen sompicd, in which the concentration of lead in the blood is at the level of
6.08 *0.005 mz. (80 %5 micrograms) per 100 grams, The latter is the lowes:
concentration that has occurred, in the cxperience of the Kettering Laboratory,

in associnticn with the onzot of leud poisoning in o child or adult, i.o., without
an interxrvel of freocdom from oxposure of more than a few days. This valuo is

not, as somz ill-informed perscons have believed, the critical level above which

-
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one may properly concludo that the person concerncd is suffering from leoad

poilsoning. It is,

rather, as stated above, the level below vaich no case of

poiscning inducced by inorpanic lead, however mild, has boen found in ocur nearly

thirty years of cx

walich the curront,

not ceortoin, in the
beotweea sofety and danger, fo

investigators to be) slightly in cerror on the low side,

- B g mas 3 414
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nsive experience with all types of lead poisoning, duriny
censitive methods of analysis have been employcd. It is
absolute scnse, that this 1s the actual threshold level
r it may be (and is bolicved by certain other
It is also not beyond

tyy, in wiew of the extent of the reduction which may cccur in

content of the blecd {to vhich the predominant porticn of the

is bound), that a bena fide casce of lead poisoning may be
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Thics hos not cccurrsd,

s - 2 5 P B e, -
recytic coatent, {Duo alicwunco

muee bo moeds, bhers, for the ancliytical deviation, which is of the oxder of
0.C0% mz. or L microgram per 1. ams of whole bleod; and for the calculation,

sy o Zactor of 10, im erprescing the result in ternme of

167 groms cf blood.) This error can be and is partlally counteracted, vhen tho

rooullt cbhinined is

In the analytical seanse, there
of the concentration of lead in the whole blocd of porsons
ponuiaticn {who have not sustoined

0.CO mz. (00 micrograms) of lead por iC0 grans,

lzad intemicotion.

near, above or belotw, the critical valus, by multinle onalyveno,
3 2 s 1 3 kK

sample of bicod, ox by spoeial manipulaticns,

is o emall margin between the uppoer linmit
in the gencral

any unusual exposure to lead), that is

and the lowerrost 1init of

in the physio Lical senso, however, 1f the asccuracy of the

analytical Iindings can be substontiated, the differconce is not slight, for many

nonths of potent

inlly hazardous cccupational (or experimental) oxposure to lead
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are required to clevate tie concentration of lead in the bleood by an incremant
G.02 ng, {20 microprams). The reason for this lies in the fact that most of
the absorbed lead, in the process of its distribution in the body, gocs

ectively into tho skeleton, leaving only a smoll proporiien {5 to & per

9]
&
et

(4]

ont} distributed wlthin the scft tissues, including the blecod. Taus, 2
difference of 0.03 mz. {20 micrograms) per 100 grams of whole blood, as has
boen domonstrated (4), mey be indicative of an increase of more thon 160
milligrans in the body buvden of lead. It is such physiological facts as thesue,
vith their backoround in knoun amalytical variance, that must be undoerstood
pofors ono con coasidor intelligently the guantitative zeleotionships in this

ficld of touzicolony.

now to the agsignod topice - namcly, the eondilions unucr wihilch
lead pedscning nny ko induced ag the resuli of the ingesticn of lewd - 1t is
possible o dés ribke such cenditions in a fadirly procise manner. They oy bo
stated in principnic, as follows:

:

1. Izod polisceaing may be induced inm a shor? pericd of tims Ly o high leve:

T, dolly, oroal desage, and in o lonsey pericd of tinz by o relatively

ol dueily, oral uosugc.

3. The reguirerments cre that the dose of lcad taken regularly

4o}
Q
£
[§)
o
o]

rmaipiain an essenticlly constant rate of absorption of lead from the alimeantary

tract, shall bo large emoush to lead to a progressive accumulaticn of leud of

)

¢

critical proporilions within thoe 1ilieotime of thoe iandiwvidual,

S.  Tao prescnec of critical quantitics of lead in the intact, living bodr

hazardous body burden - can be iden
critical concentration of lead in the fluid tissuo, the blood, and, with
somuwhint losser precision, by the finding of a critical elevation of the ratc

of the ezecretion of lead in the urine.
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4, The actua nset of lead poisoning cannot be predicted, nor can this

identified, with certainty, on the basis of any analytiecal
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body fluids or excreta. Only the dangey of lcad

poizcning con be recegnized by such mzans, It is a fact,

lilzelilicod cf the actual ceccurrence of lead poeisoning in the individuecl coce is

grontly avpgmented 18 the concentration of lead in the tissues of the bLody

in responsce to relatively high dosage. It appears, from this

fact, thoat i{ lead is absorbed slowly, somg mechanisun in the kedy {beyond the

glctribution of the mojor porticn into the skeleton) inhibits its tonic effects
pessibly by binding i€ as it 1o absoozrbed. The failure of such & mochenisn i

2lgo indicavted by the foot that perscns with high body burdens are often

P
+
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2 bout of intomication, by & suddeny brlef increuse in the yo

- s b POy '’ M e -y
incinics ean o translated

conerinonts carvied oul, within th.o
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Laboratery, by moune of human suljectu,and theough certain clinical obsorvotion
macde under Jortuiltous civoumstoancous. Altex varying pericds of preliminarny

o youny, hzolinh
human subjects, lead was administered by mouth in soluble form, in threg doszc:n

ci cqunl gizc, token with the monls. mhc se expoeraiments have been descritoed

50 that only the pertincnt facts need be given here (-,u;;. Cno

daily, for 18 wecks, in addition teo

that vhich ccecuryed in his diet durving that period, nother tock & m3. (in

ronimately 2 years; sti

2

Ft

Jod
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3
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;

additicon to that in his diet), doaily, for app

teooi 1 mp. daily for somovhat more than 4 ysars, valle anoth

day {plus the mean quantity of 0,30 mg., taken daily in the diet}, ovor tho

wr-.cl

3 o oS ald
rexriod of G0

There was o progressive incroese in the output and concentration of lead 4
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the urine of the first three subjects, in the concentration of lead in their
blood, and in the quantitics of lead retained in their bedies {the cumulative
gifforence betwocn the intake of lead in the food and beverages plus that
adninistored), and in the ouwiput of lead in thelr feces and urine). With

soemz delly scasonnal and incidental variabillity, the accunulation progressod at
essentially constant individunld roates throughout the pericds of administration,

thore bolng no indicution of any decline in rate, even after 4 years in the casc

~ 2ty A
OxX Q¢ SUDIelU.

in tho stolioctlienl sense), and there was a diffeoronce of about 12 my. on the

petwecn the intake and outnut of lead, at the end of 10 months -

- R Vmgte Y a1 3 e oy~
o hoo o but for the consisioncy
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o the tyond fn this directicn Zreom moath 4o coenth,  There can bho lititle doubi

thad tho addition of 6.0 mzx. of lead per day to that wiich cceurrod reogularly in

the dict of this subjcect was svilicicnt to bring cbhout sorme siizht ascumunlation ol
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icad in big Body, Ca the other hand, the rate of was insufficient
to yicld an elevatien in the ceongentration of lcod in the blosd in the courso

of 1D months, 1% is belicved that this ecxperiment hoes gone about as for in

the achievement cf o positive rosult as is possible, and it is cleay thot o long

°

time would ke required, probably longer than the vao egpectation of this subject,

to reach o potonticlly dongerous concentryiotion of lead in the bilcood. It would

seen, thcrefore, that the average intake of lead in the food end bezveragos of

the notica should e maintained, Zor the safety of the public, to seme quantify
short of C.6 mg. per doy, so icng os thie respiratory intoke and sbhsorpticen of

lecad romaing at or near its prosent level., In view of the exporience of th
past thirty years in the inited States, duving which there has been ne increase

#
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in the average oral intake, (there has been a slight trend toward a decrease},
1t should neot be difficult to maintain a satisfacltory margin of safety in this
rcspect.

The other levels of dosage, namely 3, 2 and 1 mg., dailly, continued
reoularly, in addition to the quantity, approximately 0.3 mg. per day in each
instance, taken in with food and boverages, can be counted on, at somz tims, to

gerous lovels of the conceantration of lecad in the tissusaz, body fluids

13

yicld dan

and exereotn,., The poeriocd of tims required to reach the polnt of danger {(not

bo arrived at, with sufficicnt accuracy for present purposes, by cxtrapolating
on the curves yiclded by the valucs in the blood during the respeective pericds
of obscervalticn, {o the level of 0.080 mzg. (80 micregrams) per 100 grams. Thosce

pericds tumn out o ho of the order of 8 months, 4 years and 8 years, under tho

Atymmoney ey ol A ey o
CITOT CONIIICLACND .

Tuc chortest perlod of time, approximately 80 days, vhich, in cur cxperienzo,

fod

has intexvened betwoen the initiation of the ingestion of lead, regularly, ond

A\

-

the onscet of o typical bout of gastro-enicoric plumbism, was associcted with an
alirmentary intoke ¢f 10 to 15 milligrams of Jead por day. Of particular intere
in this connecticn, were clrcumstonces which fixed, conclusively, the duration
of the poricd of the ingestion, and the quantitics of lead token daily by two
adults, onc male and onc femnle, and the dates of the onset of intoxnicaticn
in the two persons. The dosapge oand the tempoxral relationships of these two
cases wore practically identical.

A single oral dose, in sufficient quantity, of an inorganic (soluble)}

T3

compound oI lead, hos been lnotm to cause fatal poisoning within 2< hours. his

fect, vhile ol som2 general importunce, especially because the resultant intoiication

bears 1ittic resemblanco to lead poisoning of any recognizable type, is

irreclevant, otherwise, for the purposés of this discussion. Thc lethal dose, while

vory large {grams), in thc one instance in our experience, could not be

asecertaincd.  Oral dosapges of scveral hundred milligrams are capable of inducing

1iineso, but the distinct threat of illness), in each instance, ca:
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acute but not fatel illness in the adult.
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