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Sear bector Doucct,

I za relnctant, as a ratter of princiric, to deprecate the efforts of a
wizysical sclentist to zast new Light on biological phenamena so ns to contriivute
1o the clarificaticon of envirormental factors that influence, or arrezr to be
zapable of Influvencing, Inmean lealth and well belng. At this time, especiaily,
the contributions of investigators in a3 broad range of sclentific discivlires
are sorely neeced 1in zid cf a nare canprehensive understanding of the curvent,
cemplex, muman envirorment,ss it is affected Ly modern tochnoloxy. Mowaver,
the articlie by Clair C. Fatbterson, fh.D. in the Jeptember issue of the irchives

of Cnvivenrpental feslth (AL:i1344~60, 1965), ontitled YContaminoted and Natwal
. = M » >

Zond covirorients of 'an", calls for critical comment in e interest of a
senewhat meore Lolstced Judgment concerning this signdificmt issuve of enviren-
mental healih.

w2 presating an interprotation of certain gecchemical cbservations made
by hissell and his associntes, with respect to the alundance of lead in certain -
sceanic strata, 28 a clue to Lhe artificisl dissendnation of lead in the
sresent saviremment of man, this suthor is within his cwn JGeld and is entitled
to a resvecbiul tearing, cubject to the eritielsms of coliespues in cauarable
Iialds. liisc subsetuent discussion of varlcus goneral and speglfic means oy
ich lead, removed from the depths of the earth, has been subjected by ancient
and bedern zan Lo @ variely of processes and uses, and co has been scaltered
about in umnanurel proiusion upon the earth's surface, has tle authentie lavor
of the reologdicd’s viow of such matiers, end speaks of an Imaginsztive approzch
Lo the phenomana of his chosen feld., lils somewhat disingemucus Iurlication
Lhat wedieal Lwvestigatoers heve ignored artificicl contrilutions O the natursl
content of lead in the human envirorment, and that the term "normal" has been
revarded as synorynous with "natural" in this relationship, is belied by
nmedical literature, in which many artificial sources of lead in the enviion-
ment have been identified in some detall, and Iisted collectively by myself
{JdeXoile 153— 1933), among cther imvestigators, while “normel” in medical
reriance has been defined repeatedly, and often set in cuotation marks to
irvileate the usval, current shtabte of Lhe envirorment or of certain rosponses
thereto. This, however, is a maiter of minor serantiec impartance and may Le
wukten Iightly.
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Unfortunately, there are other ratters in the article which nay not be
slogsed cver, for Ur. Fatterson s ventursd, without caution, inmility or
apprepiate eriticque, into what is clsarly, for him, on alien area of blology,
has developed his own iconcclastic theses, and has raised certain questlionyin
apder Lo answer Lhem with the boldness, pession and disresard for troaublesome

- Pacts that more befit gzeal in the advocacy of a cause than the attitude of the

agricus investisator. I8 proof is needed of his wnfaniliarity with the field
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attention 1s called, in passing,to the naiveté which characterizes his accept~
ance of cert:in items of data with which to 11lumingte his statecments, and to -
his translation of gertain dublous statistical correlations into factual
evidence. As an exmmple of the latter type, the highly questicnable issue of
one's gbsorption of significent quantdties (measureable by any acceptsble means)
of lead while smoking, which is based salsly upon thin, inferential stetistical
correlations (US Fublic Health Service Publication r:o.999-az»—12, 1965), in the
faca of the fact that the great bulk of the lead in and on tobacco remains in
we discarded ash of the cigarstte (J. Roy» Inst. P rubl:!.gt ad Hyge 24t 76~77,
1561, and Tobacco 144t 24, 1957),% settlsd for Dr. Patterson, who even gives it
quantztative expression. Furtmr'; as only one instence of an unhappy choice of
evidence, is his reliance upon a statement in tre literaturs (Schweiz Med Wachr.
87: 1171, 1957), that the potentially harmful threshold of concentration of lead
in the blowd may be as low as 0,05 mg. per 1CO grams (given in the text as 0.5
varts per million). The credulity that is represented in this choice is
excusable, in view of the experimental and clinical variables that must be
taken into account in the queatitative arpralisal of even racent series of emly-
tical data, tut is so'dmcnﬁtmted, :1ev°rtheless.

The Toregoing eriticisms mizht well be regarded as trivial, were they not
indicative of the q@ality of the author's Jjudzment of the worth of avidence
token fras unfamiliar sowces. Jut a smch sherper attertion must be focused
upoht Lhe validity of the two pri t“(’;}.pﬂ.l arguments in Dr. Patterson's thesis, for
ithese ars crucliale The first of these is his estimate of the natural body burden
of lead "whiech prevailed (in wan) during the ereaticn and evolution of (his)
physiological responses to lead". The second is corcermed with the "definite

Jindications that residents in the United States today are undergoing chronic
(Plead insult®™.. As he develops these two points, and as they are interwoven in

his text, they seerm to derive incressing weight from the complexity of the
inferences and interrolatiocns on which they are based.. The latter, particularly

those corncerned with a deft handling of varicus selested elements fram the :

periodie table, may be viewed with scepticism, if not distrust. (¥Why, for

example have lithium, magnesium and sluninium, which hardly fit the pattems

of the srgument, been exclnded from certain tabuler cwamparisons ¢f the elerents? -

© And by what regic have the matural body burdens of gemmanium and thallium been .

calculated, when these elements have not bean found in tle human body under
ordirary circumstances?). However, in any oritical appraisal of the major issues, -
these supsrficially impressive and abstruse arguments fail dismally, not so
much because of thelr intrinsie faults, which are difficult to assess, but
beczuse of the solid weight of evidence which is opposed to them. Cnly a
portion of sueh evidence, presented preferentially here becsuse of this eriticts
first-hand assurance of its reliability, azs won by years of imcreasingly
eritical. experience, is required for this rurpose, -

In estimating the body burden of lead in primitive man, 2s a basis for the
appraisal of the relative magnitude and significance of the contridbutiocn made
1o their eavircmment by artful and technieal men through the centuries,

| Dr. Fatterson has mentioned, only to dismiss, the relevent data obtained by the -

direct, analysis of materisls collected in the course of two expeditions &nto .-
primitive areas of the earth. The first of these, planned and carried out in
the field in 1930, by oyself in persom, involved the kweatiguﬁ.m of native
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and their envirc/ment on the ifexican plateau. The second, only a
little later, wes concerned with the collection, by praxy, oi vepstation,
primarily, (a mmber of samples of soil were obtained), from jungle aress in
the Yucatan Peninsula and in the Far Fast, in contalners and in sirict
accordance with instructions supplied by myself amd certain analytical
associates in the staff of the Kettering Luborstory in the Fedical Center of
the University of Cincinnati. (Certain other spscimens of vezetation were
obtaired from such widely separated parts of the earth as Trinidad, Sarawac and
Ceylon, =muong others, that were judged %6 be free of contamination from
industrial or other ertificlal sowrces. These data have been assembled
recently, out of several articles, for republication collectively {(J.Roy.
Inst. Public Heslth and o 2h: 81~97, 1961) lo vurther mention will be
made of them here, since more -°| definitive information in scone and signi-
ficarce w@5 cbtzined in the investigation of tle Mexican Indians,

Dr. Patterson's rejection of the results of the Mexican survey was
based, it seems, on the relative unreliability of the mrocedures employed
at that time for the analysis of the reterisls obtained (these are described
in detail in sssocistion with this and other articles published with it),
and on the "discovery® that these subjects made use of lsad-glazed poitery
(this was no later discovery, but was, rather, one of the matiors duly
observed and reported fully, together with amelyses of the rottery, as a
part of the appraisal of the environment of the Indians (J. Ind. Hyg. 15:
257-72, 1933). However, these findings cannot be disposed of so lightly,
for reasons vhich must be made clear,

A preliminary survey of tha experimental sites (chosen from several
others withing the broad pl.ateau),hhd broaght to light only cne artificial
factor, of anelent origin, rerresented in the use of local, native pottery,
some- of which, iricluding the flat platter (16-18 inches in diameter) on which
tortillas and certain other articles, mostly meats, were cooked, had been
coated thinly with a lesad-containing glaze. These (oneto the household), and
a very few other earthenware utensils, were generally used for a long tire,
for the possessions of the Indians were meeger, and since these had been
sublected to slow heat and animal fat, they had acquired a patina with
time and use. Cbservations of glass end glazed surfaces that have heen fired
by traditional methods,have shown that when, as in cooking, they are leit
undisturbed by scouring or by contect with corrosive substences, to pravent
"sticking”, they Xgm up only minute, almost negligible amcunts of lead.

e fhown to those without familiarity with isolated MHexican
Indisns, that they were unaccustomed to the wse of dining tables or table
ware. They ate puch of their food in its natural state, out of docrs, or
indoors. while seated on the earthen floor. or on the mat of woven vegetable
fibers which served as table, chair or bed. They employed rolled or folided
tortillins rs plates, knives, forks and spoons in handling liquid or coocked
fcods. lHence, it is highly probable thmt the extraneous portiocn of their
ingested lsad came more fram the inevitable contamination of their food and
beverages (and fingers) with pulverized esrth,than from their limited use of
pottery. It is evident that neither of these factors can be iznored in
obtaining an estimate of the minimum quantity of lead that might have been
ingested daily by the adult, male Indians fram purely natural sources, that
is, from the natnral ocurrence of lead in the substance of the edible vegetation -
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and in the flesh of ani:asiaitbat-fod on vegetstion and other anirals. It
is equally evident, however, that earthy contamination has been an inescapable

factor in the lead content of the food of the most primitive of men.

Suffice it here to say that this experimental swrvey was designed to
provide an snswer to the question of the zbundance of lead in a primitive
enviroment of man, as compared with that in the complex industrial and tech-
nological emvimmt of modern man in the United States. It is also pertinent
to call attention to the fuct that the distribution of the degradation products
of tetraethyl leasd on the earth's crust, at this time, was of samall proportions
in a relatively restricted area, and tlat it was not a factor in the analytieal
Tindings of this survey. Moreover, caraeful inquiry, confirred by the records
in the Federal District of Mexico, demonstrated that no mining operations had
been carried out in the gereral region of the investigation. Crdinary observ-
ation served to show also, that there wers no factaries, no industrial creratlcms,
and no water ipes of any kind, in the ares,

As to the actual investigation, having Juiged the sites tc be satisfactcry,
I arranged for the shipment, fraw the HKettering ILaboratory,of suitable containers
for sarples, and accompanied them to the sites, where I collected, in person,
sanples of suitable size, in relation to the sensitivity of tre analytieal
rethods (see L'zter), of the items of the food thet entered into the diet of
the Indians, Irom the fields in which rany of them were growing or 1iving
(ari- als), =nd fras the stresm, households ard the few places cf atorage. A
mmber of samnles of soll were collected also. From the people, reorresentative
specimens of feces (one evacuation), urine (large volumes of two or more litera) ’
and blood {LO to 50 ml) wers collpcted. (For reasons that need not be discussed
here,the results of the analyses of specimens of blood, as given in the original
rublication cited previovsly, may well be disregarded, in favor of those obtained
some years later and analysed by present highly sensitive nethods. Ipecimens of
urine were also obtained for enalysis, at that Jater time, b gnntroas of sampling
that have found to be satisfactory. (The rean values of y Series of results,
of very low variability, were of the order of 0,02 mg of lesd per 100 grams of
blood, and .02 mg. of lead per liter of urine, both of which are in the lower
third of the range of the results cotained in the United States). It was not
possible, under the conditicns that existed irn the field, to follow the
alimentary intake and output of lead by individnals, nor was it feasible to
cbtain satisfnetory data as to the lead content oz' the ambient atmosphere.

The speuimem ‘of food (and wa.t.er)mre viewed eritically from the aspect
of their freedom from contamination. Those that hed been cooked or stored, ard
those which had been exposed to dust in the fields, because of thelyr manner of
growth, were regarded as contaxinated. Notes were made from which the resulis
of analyses of the latter types of growing vegetation were marked in the mublished
data to indicate that likelihcod. Cther results could safely be attributed to
the natural lead in the specimens, since these had been shielded sffectively
from external contemination until they were encloged in the contaliners. Ain
. estimate of the total quantity of leed in a composite dally diet mwde up solely
of such uncontaminated articles could be made with & reasonable apnhrox nt.nve to
the actusl facts. A firther estimats of the daily alimentary intake 1Ge
comparative purposes, could be mede from the remults of the analyses of tha
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feces of the subjects, since such findings have h«n found to yield a sound
portrtyal of the quantities of lead ingested during the period correspond-

ing physlologically to that involved in the sccumlation of feces Hr evacuation.
Such estimates, which will be given later, are admittedly rough in the strictly
quantitative sense, but they are clearly indicative of the order of magnitude
of the values under discussion.

The matter of analytical precisiocn is cbviously pertinent. The data, as
reported, err systematically on the low side, for the reason that the methods
used at that time, while yielding repreoducible and specific (fo the m
concerned) results, were of a lower order of aensitivity] thoae
which were dsveloped later and used in the Kett-ering Laboratory since 1937-38,
For this reason they failed to detegt lead in the material analysed, when the
total quantity was less then 0,08 & 0.008 mg., and always gave a low valus, by
this much, when lead was present in the sample, as amalysed, in measureable

Int:.ty. This was counteracted to some extent, but never fully, in view of

‘order of magnitude of the cuantities of lead dealt with, by the collsction

of specimens of large volume or welght. The amalytical data have been rerorted,
as obtained, without any correction, since, in view of the approximations
represented in the estimates of tha alimentary intake of ratural lead on
the one hand, and of totel lead omn the other, such correctionz would have
implied o false degree of precision in such estimates, It is sufficient for
comparative purpcses to indicate that the daily intake of lead in the two
catogories (natural and total) by the adult males (no women were ire luded)
amony these Indians was not less than 0,10 or more than 0.15 mg. per day.
Such an alimentary intake can be estimated, indirectly, but with a high
degree of probablility based cn extensive metabolic data, to be conuistent with
a body burden of lead of the order of 4O to 60 milligrams.

2. The nore importantp/ feature of Dr. Patterson's paper is his conclusion
that the present level of ths contemination, bty lead, of the general environ-
ment in the United States, ospeclally its atmospheric component, poses a
. sericus threat to the health of the gemsral porulation. This conclusion files
in the face of a sclid body of reliable evidence to the contrary. It should -
be pointed out, at once, that the lead in the food and beverages of citizens of
the United States 18 a larger and more variable factor than that in the air,

Ho one ¢can deny that the exposure of modern man to lead is considerably greater
that that of primitive man, nor can one be assured, at this point in time,

that such exposure may not, without appropriate eurveillance and adequate
precautionary measures, yveach dangerous proportlions at some future time, .

It is pracisely because of the latter possibility that owr systematic invest-
igations of the past thirty years have been undertsken and continued, to
establish facts, hyglenic criteria, and methods of monitoring both emrirormental
conditions and people, whereby the hyglenic status of ouwr population, in this
regard, can be determined well in advance of any threat. These ends have now
been acconplished in lsrge part. Criteria of safety, with respsct to the lsad
content of food and beversges, have been set, on physiological grounds, under
conditions in which the leed content of the sir is maintained at a constant -
level, Similar criteria for the Jead content of the air, when that of food
and baverages 1s maintained within its present limits of varisbility, are far
along in the rmaking. The principle on which these criteria are based is that
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of the determination of the combined quantities of lead from food, beveragas
and air, which can be taken into the healthy human body frem day to day and year
to year, without a measureable degree of accumulation of lead in the body. The
ovidence of balance experiments, carried out with healthy men in the lLaboratory,
partially reported (J. Roy. Inst. Pub. Health and Hyg. 2,:81-97, 1961), has
- indicated clearly that, under present envirornmental conditions in the United
States, individuals take in variable quantities of lead regularly, and that
they eliminate lead from their bodies, regularly, in substantially equivalent
quantities (within well defined limits of experimental deviation), maintain-
ing theselves in substantial equilibrium with their enviromment throughout
all but the early years of life, during which tfie mixed camponent§of the adult
diet are being added to the infant diet and equilibrium with the enviromment is
bﬂing achieved,

There has been no devonstreuble increase in the intake and outrut of lead
oi individuals in the general porulation of the United States, or in_the J.eaqx./?ﬁy
. content of the urine and blood of representative groups of persons) during: the
s past tHfity years. On the contrary, there is highly suggestive (but in“&usive)
svidence that the total intake of lead by such persons im lower in the "present
decade than it was in the two preceding decades. It is also likely, on the
basis of indirect evidence, timt this level is lowsr in the United States than
in zertain other countries, Be the latter indications as they may, the hygienie
problem, with respect to lead in the enviromment of man, is not whether there
is more or less lead, rer se, but whether the quantities are within limits that
do not tax, unduly, the rhysioclogical mechanisms of the human organisam for
coping with them, The physiological responses to lsad in the general environ-
ment {exeluding occupational and other unusual types of exposure) of ordinary
citizens of the United States are adsquate, and the only an'i]ep‘ question to be
v raised and answered, is whelher the level of concentration,in the body, incident
to the stream of lead in and ocut and through the tissues, is actually or
potentially harmful, Simple apprehension, because lead has so long been knoun
to be dangerous under various poorly assessed conditions, may give rise to the
belief that it may be, and therefore probably is, harmiul in sny quantity,
The facts of physiological research and clinical medicine speak otherwise,
The tomde effects of the abasorption of sufficiently large quantities of lead,
in certain of thelir more obscure manifestations, are appreciated more fully,
in biochemical terms, than they have ever been previcusly, and the conditions
of dosage and time, under which lead poisoning occurs in the infant or adult,
have been clarified to such & point that gross differences are now discernible
between the guantities associated with toxic effects, and those which gain
entrance to the individual from the sources in the general or common envirorment.
There are, at present, clinicaliy and statistically valid expressions of a
v dangerous degree of absorption of lead in the individual. (There A¥rmoare than
one, but I choose the most rrecise)., I have never seen a case of lead poison-
\ ing fram the absorpticn of the inorganic compounds of lead, in an untreated
child or adult, at the cnset of illness, i.e. in immedizte temporal relstion-
ship to the period of absorption, whose whole blood contained less than 0,08
mg. of lead, when analysed by methods (in parallel) of a sensitivity and sccurazcy
eguivalent to those employed in the Kettering Laboratory since 1938. (It should
be taken into account that the body burden of lead, as represented by this
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cmcmtration of lead in the wholc blood of persons who have not been subjected
to chelation therapy, and who have not been poisoned by a very brief period of
extraordinarily high dosage, ranges from 4 tc 20 times that of persons in the
gemsral population). The differences, then, betwesn the quantities of lecad,
in temas of dosage or of body burden, that are associated with lead poisoning,
and those that are represented in the general enviroment or in the boedies of
persons in the latter enviromment, are not small (in relation to the methods
of measurement), nor do they overlap, nor are they likely to be confused by
knowledgeable persons.

Dr. Patterson would have done well to have examined the avallable infam-
ation more carefully, before making the astonishingly dogmatic (and absurd)
statament that "the threshold for damage conceg..t as 1t applies to lead, is
an ill-defined orinion unsupported by any (italics mine) evidence". The
fzcts, set forth clearly in medical literature, are that the pericdie
investigation of the content of lead in the industrial enviroment, hand in
hand with a metliculous search for eclinical evidence of frank or vague illness
attributable to the absorption of lead, in association with periodic invedii-
gations of the lead content of the feces, urine and blood of wor}men, Ms
disclosed definitive relationships between the chemleal findings and the
incidence of lead poisoning in any detectable formm., The "Threshold xor damage
concept! in action, on the basis of many years of experlence in many indusiries
that make use of lead, predicts that no case, not even an occasional nild case,
of lead polsoning will cceur, unless the phv'-io...ogical threshold value is
exceeded, . (The threshold value for lsad in the air of industrial establ ishments
is not dependsble to this extent, for the reason that it does not apply to the
total envirormental hazard but only to its respiratory component).

The threshold value of lead in the arbient zir of a community has a
different basiks in time than that of industry, that is, it 18 essentially
continuous, rather than intermittent, and so it must be worked out by a
different experimental method. On the other hand, the composite physiological
evidence of ths extent and significance of the exposure to lead is the sazme in
the general as in the industrisl population, so that denger can be detected
and anticipated, by properly designed surveys of representative groups in the
population, Such surveys, five of which have been made since 1927, including
the last in 1961-62, made Jointly by reprecentatives of the United Statss Publie
Health Service, the Departments of Health of the City of Philadelphia and ths

State of Californiz, and the Kettering Iaboratory, have found no evidencs of
any current threst to the heszlth of representative urban populations in the
United States. The besic physiological investigations of the past thirty years
have given theSé,& validity which the data concerning the lead in the
atmosphere: and the lead in the blood of the subjects, could not s of theuselvas,
have claimed., In their composite weight, they show that there is no present
threat to the health of the population of the United States from the cuantities
of leed which occur (within well documentsl ranges of cencentration or quantity)
in the food and Leverages and in the amblent ztmosphers of ZEEES cur ccmmunities,
They have indicated, further, the wisdom of moasures of control that are now
being exercised by certain governmental, industrial and professional agencies,
and the benefits of ths educatiocnal efforts that have brought improversrts in
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the rroduction, handling and rrocessing of foods ard beverages in the United
Gtates., Iogerience has shown that there is a contimued need, moreover, for @
a constant alertness in hygienic cireles, for the avoldance and control

rotential hazards of a technological society,

Finally, let me say, in tbrminating these umusually lengthy and detailed
comeents, lest it appear that I am eritical of ths editorial policy that has
presented this paper to a seientific and professional sudience, that sush is
not the case. The substance of Dr. Patterson’s paper has been circulated in
private commnications, and presented to at least one official ageney, so
that 1% had more than a little Impact, in professional ard lay circles, before
its formal publication, It was essential, I believe, that it be brought into
the open for professional sppraisal, and it would seen that the Archives of

nviromental Health is an appropriate place for its publication,

Taithiully yours,

fobert A, fehoe, i




