March 3, 1960

Duvid W, Fassett; M.D., Director
icboratory of Industrisl Medicine
Lastman XKodak Company

wodak Park Works

Rochester 4, 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 done better if

I had started sooner and taken more time, but X am fairly well pieased
with the result, You (or Frank Patty) may think I have been a bit
wordy in spots, or that there is sowe wnecegsary repetition. This
may be true, but I am not inclined to think so. Pzrhaps I wouldn't
be sufficlently critical, I am convinced, nowsver, that there have
been some islands of coniusion ox lack of understandiang in this
general probien, 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 coucentrations or dosages)

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

two elements, 1s almost wholly iryelzsvant so far as occupational sxposure
and absorption axe coucerned, and therefore, I have siuply omitted
reference to toxicity. The only important guestion relates to the rate and
duration of a relatively proloanged and not inmediately dangerous absorption
and this, after all, is not a question of relative toxzicity but rather the
characteristic behavior of lead in the kody.

I shall be giad to have any comments or ¢riticisms wnich seem to you to
be justified., I have edited the text @most carefully, but I shall be
surprised 1f you dc not f£ind scme errors that kave slipped past me, I
believe the manuscript is failrly satisfactory in matters of form.

Sincerely yours,

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

Enclosure (2 copies of manuscript)
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THE RISK ASSCCIATED WITH THE ABSORPTION OF LEAD
BY TIE GENERAL POPULATION IN THE UNITED STATES

The Conditions quer Which the Ingestion of lead is 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 Occupational Madicine

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 Amecrice are subjected through the occurrence of lead in their
general enﬁironmeﬂt. In examining this problem, it is necessary, first, to
differentiate botween pgeneral envivonmental conditions, and those which have
long bzen gnown to be potentially hazardous in certailn lead trades and lead-using
industries. It is also‘necessary to recognize éertain other situations in
vhich lead‘poisoninw occurs, wien, through innocence, ignorance or irresponsibility,
the non-occupational environment of an individual, a family, or some other
group may be rendered dangerous by personal behavior, or through the utilization
of materials or e¢guipment commonly known to be dangorous. An example of
unusual bzhavier 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 inner walls, woodwork, furniture, or toys, in his
homz, TFurther examples are furnished by the owner of an igolated cabin or
camp, OY even & permaneni 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
them generously, inside and ocut, with o paint high in its lead contentiﬂby.the

art-conscious but technically incompetent potter who puts out a badly glazed
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brand of tablewarce with which to beguile aesthetlic housewives into feedingz
their families dangerously.,
Tae foregoing are but a fow examples of serious dangers asscciated with
the ingestion of lead compounds, as variants of a host of recorded und azsscembled
{1, 2, 3) human expericences 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, somz of
which hove heen investigated and clucldated in times past and present. But
saile some of these havé been informative, with respect to the quontitative
rclationchipsbetween dosage and time in the induction of lead poisoning, it is-
only in those respects that they arc pertinent to the subject under discussion
herz., Tor the object of present condern is not the incident or the mischuance
that hoco vielded thoe unusual cose of lead poisoning within the general pepulation,
but ig, rathewr, the prevalent,regulor exposure to and absorption of lead, vhiceh
arc the common 2ot of people who live in the environment of a modern technolegicul
The questicon, as I choosce to restate it for my purposes, is threcfold,.
Vihot are the facts with respect to the magnitude of the total exposure to lead

ens of the United States are bzing subjocted? Is such cxposurc

e
]

to vhich ci
hazardous fo a certain segment {or segments) of the population now or in the near

future? I{ pot, what margin of sofcoty existsg, or should exist? I anm schedulod

~to speal: only of the hazard of ingested lead, and I shall fulflll to this mandate.

However, il must ke evident to all of us, that this is but onc facet of the
matter ot issuc, and that it cannot be dealt with, at this or any other tims,
in indecpendence of the respiratory absorption of lead. Thereforg, in order fto
determine the threshold valuc of the alimentary factor 1h relation to public

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

to this maiter.

Tho Toba1_V"~11tucn of the Current Exposure of the General Population to lead

In the course of a series of investlgations carried out in the Kettering
Iebovatory during the past forty years, but more specifically, those of the
past twenty-cight years (because of the essential uniformity of the analytical

nathod employed during that period), it has been possible to visualize, in a
fairly comprchensive manner, the daily contribution made to the alimentary
intake and absorption of lead by the food and boverages consumed generally in
the United SBtoates (4,5). By indircct measurcments, on the one hand (5) and by
caleulaticns bascd on physiolegical parameters on the other, a rcasonably
satisfactory approximation of the quantities of lead breathed in from the

£y

embient otncaphere by adulits in the population has aiso been arrived aft, {The

o+

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

some extent, from individual ¢o individual, os do, also, the quantities inmested

in fcod and drink. There is no present means, however, by wiich the respiratory

intake can be measured, directly, so as to obtain a statigtically valid arrar
cstimated

of Tindings, Thersiore, they must be expressed as a range of values, for which,

o

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

ot extensive in the absolute sense, and there is little doubt that the order of

o]

magnitude cncompessed thereby is realistic.)

The focd and beverages consumed dailly by an adult in the United. States
contain lead in amounts which ranpge from somewhat less than 0.1 to 4.0 milligrams
{ocecasionally more). The lowermost oand the highest valﬁes occur infrequently,
the large proportion of the quantities grouping themselves regularly eround the

mean valuc of approximately 0.3 nz. per day (this mean value is derived from

~ N
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a large number of results obtained from a sizeable group of adults; the cean
values for individuals obtained by dally observations over periods of maﬁths or
years, range from C.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 consumci,
habitually, by different individuels of different size, occupation, and appestite,

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

less than 0.015 to 0.09 (15 to 90 micrograms) per day, (no doubt, being

Q

onsiderabliy closur,as the usual experiencs, to the lower than to the higher
valug), deponding vpon where and in what manner one resides end vhere and how

hoe works; L.c., uven the quelity of the alr breathed during the 24 hours of cach

E3

day, with wespect to lead content, and upon the rate and depth of the respiration
during sicep, worlk and reocreftion.

The quanitities of lewd absorboed into the humun kody from the sourcec
indicatcd above moy be estimated with faix accuracy on experimeniel evidaence
vhich shows that somownnt less thon 10 per cent of that ingested under ordinary
circunstances is chsorbed daily from the alimentary tract, while from 25 to &0 pow
cent of that inhaled (5), dependent upon the size, shape and density of
parcicles inhaled, is5 retailped and absorbed in the respiratory systewm. Tho
averapge quantity absorbed daily in the alimentary tract of the adult is of the
order of (.03 milligram (30 micrograms), whilo o reasonably satisiuctory estimate

of that absorbed in the respiratory system would not be far from 0.2 milligram

or 20 micrograms {5,6).

Tac Silgnificance of the Current Exposure of the General Population to Jeod, fron

- £
the Aspect of Hazara

IZ£ there isc to be a satisfoctory answer to the Question as to whether the

current trend in the asbsorption of lcad by the genexal population is hazordous,



to the fate of lead absorbed over long periods of time (extended, in the final
sense, to the human lifetimo), and from the facts of toxicology and clinical
medicine, as to the conditions undexr vhich intoxication by lead cccurs,

First, with recopect to the metabolism of lead takea in and absoxbed by
typical representatives of the healthy, adult population, the facts, while
scenmingly not so comprehemnsive, in relation to a population of nearly two
hundred miliicn preople distributed throughout the wide expansce of the United
States, as to cover all of the possibleo environmental variations, arc co unifornm,
rhysiologically, as to be convincing., The results of experiments carried out
undar exacting conditions in the Laboratory, supported in breadth by extencsivo
sampling of selected and random groups in the population, have demonstrated,
{2} thot the intaliz of lead by typical, healthy, male adults is bualanced for all
practical purposss, by an oquivalent output; (b) that therc is no progressive

ineroase, over prolonged porioﬁ’of time, in the ratec of the exercticn ol lead

AN
fxom the bedy, nor in the concontration of lead in the bleod; and {c) that any
increase in tho concontration of lead in tho tissucs of the bedy, including the

ciroleton, wiaich moy occuy ovor the span of life, is too small to bo moasurcd,

(2]

Poirng within the limits of the individual variebility in the intake ond output
of lead £4,5), {The latter statemont should not bo misinterpreted to mean thot
the total quantity of lead fourd in the body doss not increase with growth fren
childhood to adult life. The increase observed, however, is not accumulation,
in tho physiolegical ssnsce; but is, rother, the maintenance of a baianced

congentration of lead in individual tissues, that is to say, tho maintenance of

an equllibrium with tho cnviroamont,

Sccond, with rospect to vhcethor tho concentration of icad in.the tigsucs of
pecoplo, genoerally, in the pepulation, and the quantitios in their entire bodics
and in tho motabolic processes described above, constitute o risk -~ the risgk of

€
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1étoxication by lead in any form known to physicians, physiologists and

ts -~ the ensver is in the negative. The toxic effects of lend upon

tho human body, as cxpressed in the more scvere types of plumbisnm himotn clessically
both bkofore and sinse tho days of Tanquerel des Planches (7), have not becn secn
froequently in recoat years, but they still occur from time to tirme, especially
amone children, to display the immediate signs and symptoms and certnin sequoleac

o? the most doamagirg forms of plumbism, The milder types of lead poiscning ere

the more concon monifestations of the discase in cur timo, in theo adult, and,

-

o, much attention has boen fosused upon blochemicol evidences of

7
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disturbonces in tho rates of desiructicn and xeplacemznt of the crythrocytes and
tho depradotion and synthesls of hewmoglobin, These disturbances, vaile not
confined ¢o the eficcts of léad, are among the earlier and more subtlc changes
inducoed Hy lead, wihilch may givo warning of pore scerious symptomatic and orpanic
cffcets o follow, Lven thesc subtle chemiesl changes do not cgcur in esceciaticn
with tho levels of thoe concentration of leacd that are prevalent in the tissuszs
kodyr fiulds, and cxercto 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 ceuvineling (5,9,10,11), and from such evidence, cobtoined frex
unupual incidonts and ageldents within the goneral population, incliuding thosc
involving infants and small children, and from a wealth of systemotic observation
groups cf persons cagaged in occupations that yield cases of lead poisoning, as
v2ll os thosc that do not, has dermonstirated that 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 urinec), below which nonc of the obviocus or cven
susgestive rmanifestations of plumhism have bhecen found., In the intact livins
bedy of men, the most readily availlable tissus for sompling is the blood. This

tissuc is the most precise indicatoxr, under certain necesgary and appropriate

KE 00085392



conditions, of the lead content of the entire living body, and, specifically, of
the soft¢ 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 saps type
of information, but the difficultiles of sampling, and the physiolopiceal
variability of the cxeretory process combine to make this moasuremont more

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

Tho Marpin Betvwecn the Current Levols of the Concentration of Iesad in the General

Pouvuﬂtioﬂ"qﬁd Thoso Associated with the Occurrence of Lead Poisoning

The iorpe propoestion of cases of load poisoning arc asscciated with the

abgorpticn of rolatively large quantities of lead. The quantities found in

-

individual organs, in the bloosd, and in the urine, in typicual lead poiscning,

are pony times larger than those found in the corresponding organs, blood and

Pel

uring  of porsons in the genorxal population. Tae skeleton, for cxample, may

contoin Iron ten o twonty timon the usunl levels found in persons in the genert
pepulation, The liver, kidneys and brain, likewise, may contain eight to ten
times tho usual quantities, while the concentration of lead in the blecd is

as a rule,
similarly clevated, the values rang From 0.1 to 0.8 ng. (180 to £00 nicrozrams)
vf ] 03 O 3 7

Zn
- . ¢ -
per 100 groms of whole blood, as contrasted with the highest valuz, 0.05

€20 micregrams) per 180 grams, found among persons in the nopulation who have

beoon serecned, corefully, to climinate all occupational factors (5,8). Occasionul

cases of lecod poisoning are found, usually after an intervonring period of
freedon from exposurc ocecasioned by a delay of somo wecks beforz the blood has
bzen sampicd, in vialech the concentration of lead in the bleoed is at the level of
0.0¢ *0.005 m3. (80 E5 micrograms) per 100 grams. The latter is the lowes:
concentration that has occurrcd, in the coxperience of the Hettering Laoboratoxry,

in assoclintion with the onset of lewd pelsoning in 4 chlld or adult, i.c., without
an intervol of frocdom from onposurce of more than a few doys, This wvaluo is

not, as somc ill-informed perscns have believed, the critical level above waich

KE 0065593



one may properly conclude that the person concerncd is suffering from lead

. .
poisoning. It is, rather, as stated above, the level below which no case of
polscning induced by inorganic lead, however mlld, has boen found in cur nourly
thixty years of ciatensive experience with all types of lead poisoning, during
vaieh the curront, sensitive methods of analysis have been employcd., It is
not certain, in the absolute scnse, that this is the actual threshold level
botwsen safety and danger, for it may be (and is belicved by certain other
investigators to be) siightly in crrzor on the low side, It is also not peyond
the bare poosibility, in wview of the extent of the reduction which nay cceur in
the oryvihreocyiic content of the blesd {to which the predonminant porticn of tho
icnd in tho bleed is bound), that a bena fide casce of lead poisoning may be
ound ot tiic caset of symptoms, atl a.slightly lower level. Thic hos not czourrad,

es yei, desplie the focet that no correction ol the

nes over becn mode for o lovorsd erythrecytic content.,  {(BDu2 ellicwanzo
must ba omndsz, hers, for the anclyticoal deviation, waich is of the orxder of
0.£01 rz, or 1 picrozram por 1.0 ams of whole blesd; and for the caleulotion,
vaich imngrecascs il by o factor of 310, in expyrescing the result in tormse of

1870 proms of blood.) This error can be and is partially counicracted, vwhon tho

regult chiwined is near, above o below, the critiecl valus, by multiple analysoo,

by enlarging the somple of bicod, or by spseial manipulations,

In tho anclytical seanse, there is o small margin between the upper linit
of the concentration of lead in the whole blocd of porsons in the genoral
popuilaticn {who have not sustoined any unusual exposure to lead), that is

0.C0 mz. (09 micrograms) of lead por iC0 grans; and the lowernost linmit of
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concentration whichk, coccasionally, may be associvted with th
lead interication. In the phy"ﬂological sense, howover, if the accuracy of the
analytical Zindingo can be substeontiated, the difference is not slight, for many

nonths of potenticlly hazardous cccupational (or experimental) eoxposure to lead
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are required to clevate tihe concentration of lead in the bleood by an incremant
§.02 nz. {20 microprams). The reason for this lies in the fact that most of

the absorbed lend, in the process of its distribution in the body, gocs

9]
&
et

ectively into tho skeleton, leaving only a smoll proporiicn {5 to & per
cont) dishtributced wlthin the soft tissues, including the bleod., Thusg, 2

0.02 mz. {20 micrograms) per 100 grams of whole blood, as has
boen domonstrated (4), mey be indicative of an increase of more thon 160
nilligrems in the body burden of lead. It is such physiologicul facts as theso,
with their background in knoun analytical variance, thaet must be understood

pofors ono con coasidor intellipently the guantitative zeleotionships in this

ficld of touzicolony.

n ol Ileoad

topic - mnamoly, the conditions unoer wiilch
ags the result of the ingesticn of leoud ~ 41 in

icns in a falrly procise manner, They oy bo

-

ey 4a R ey - - £ veyen
ated in principic, s follows:

1. Izod poliscening may be induced in a shor? pericd of tims by o high leve:

cf rcouinr, dally, oral desage, and in o longer period of

n
Q
£
L
o
o]

Tho reguiroments ocre that the dose of lcad takien regularly

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

tract, shall be large emoush to lead to a progressive accumulaticn of leed of

¢

Potime of the iandividual,

S.  Tao prescnec of critical quantitics of lead in the intact, living bodr
- the potentially hazardous body burden - can be identificed by the finding of o
critical concentration of lead in the fluid tissus, the blood, and, with
somuwhint losser precision, by the finding of a critical elevation of the ratc

of the ezcretion of lead in the urine.
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{mnly the dangzoy of lead

however, that the

concentration of lead in the tissues of the body

rapidly in responsc to relatively high dosage.
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dlctributicon ol the major porticn into the skeleton
pessibly by binding it as it is cbhooybed. The failu
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nset of lead poisoning cannct be predicted, nor can this
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bedy {beyond the

identified, with certainty, on the basis of any analytical
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of cqual sizc, token with the mozls., |[These experiments have been described

in detalil, so that only the pertincnt facts need be given here (4,52}. Cmio
subjecet took 3 m3. of lead ac thoe chioride, daily, for 18 weceks, in addition te
that vhich ccecuryed in his diet duving that period, nother took 2 my. (in
addition to that in his diet), daily, for approuimately 2 years; still anoihol
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the urine of the first three

bleood, aud in the quantitics of lead retained in their bedi
difforence betwvoon the intoalc of lead in the food and bove

adninisterad), and 1n the output of lead in thelr fecces and

sy
oenme

deily peasonnl and incideatal vardability, the accunul

cssent coastent individucl roies throughout the pericd

ially

thora boing no indicution of any decline in rate, even after

Tho cutput an? 1tration of lead in the
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clecay

ation of

subjects, in the concentration of lead in their
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cient

to yreach o potonticlly dongerous concentration of lead in the bleood., It vould
seen, thorelore, thal the average intake of lead in the foou and beverasoes of
thie noticn should be maintained, Zor the safety cf the public, to semz quantity
shor: of C.0 mg. por doy, so icngy os the respiratory intake and nbhsorptien of
load remaing af or near its present level., In view of the exporience of the
past thirty yeaxrs in the United States, during which there has becen ns increasc
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in the average oral intake, (there has been a slight trend toward a decreasc),

it should net be difficult to maintain a satisfactory margin of safety in this

The other levels of dosage, namely 3, 2 and 1 mz., daily, continucd
regularly, in addition to the quantity, approzimately 0.3 mg. per day in cach
instance, taken in with food and boverages, can be counted on, at som=z tics, to
yvicld dangerous levels of the concentration of lead in the tissues, body fluids
ond excrotna.  The poriod of tims required to reach the point of danger {not
neecessarily of Aliness, but the distinsct threat of illness), in each instance, con

nt accuracy for prescent purposcs, by ciutrapolating
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on the curves yiclded by the values in the blood during the respoetive pericds
¢f ohscrvaticn, (o the level of 0.00 mg. (80 micrograms) per 100 grams. These

poricds turn out o ho of the order of § months, 4 years and 8 years, under tho
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or day. Of particular interes
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in this coanceticn, were circumstonces which fixed, conclusively, the duration
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of tho poricd of the ingestion, and the quantitics of lead token dalily by
adults, one maile acad one femnle, and the dates of the onsct of intoxnication
in the two persons. The dosapge and the temporal rolaticonships of thesce tvo
cases wore practically ldenticol,

A cingle oroel dose, in sufficient quantity, of an inorganic {soluble}

compound of lead, has been lmotn to cause fatal poisoning within 24 hours. Tis

fect, wihile ol som2 general importunce, especiclly because the resultant intoiication

bears 1ittic resembionce to lead poisoning of any recognizable type, is
irrelevant, otherwise, for the purposés of this discussion. The lethal dose, while

very large {(grams), in the one instance in our experience, could not be
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acute but not fatel illness in the adult.
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