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Chapter I

Introductl on

The usefulness of lead and its compounds in many fields of human
activity hes gieen them a unigque place among the materials and products
il of sarly aris and crafis, and of modern industry. Thus ample oppOr-
tunity has been afforded for the demonstration of their poiszonous proper-
ties. The insidiousness in the deYelopmeht‘of lead poisoning, the‘appar-
ent capriciousness of its occurrence, and the variety of its cliniecal

: LAl
forms, have Jjoined to migme the curiosity of investigators, and to stimu-

late their efforts in the interpretation and the mitigation of this
occupati onal menace, And yveti a dégree of vegueness as to the physiologe
ical activities of lead compoundé maintains a lively interest in the
subject, this being heightened by the fact that whereas the means of
prevention of poisoning have steadily improved,; new uses for lead-bearing
materials have developed at a more rapid pace, involving an émme increas-
ing number of occupations and persons in the hazards of lead exposure.
Indeed, the number of generally distributed commodities which antain
g-me—gusnt-itief lead has become so great that some degree of lead eipos-
ure has been ﬁarried into the everyday 1life of all persons,

The investigations which are the subject of this volume derive

their importance chiefly from the fact that
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they 4£%§§£§;%e t%szﬁly source of 1nformatioh as to the mage
nitude of the lead axposure intrihsic in modern 1ife. They
began in 1924 when 1t became apparent that the previously
limited distribution of gasoline containing tetraethyl lead
might develop into a commercial activity of very wide propor-
tions. The experience of those who had developed and dis-
pensed this fuel up to that time Indicated that theré was no
acﬁte or immediate danger, but the possibility existed that
prolonged exposure to small amounts of lead under the aaﬁzaﬁ&
‘conditions‘arising from the distribution and use of the com-
modlty, might cause 2 signiflcant accumulation of lead in the
tissues of many persons in the incdusiry and in the commun;ty
et large. It is not my purpose, here, to discuss all the work .
which has been carried out in this laboratory or elsewhers,
in the study of this hygienic problem. Much of the Informatlon
bearing on the subject is readily available to those who are
Interested. However, one phase of our work has resulted in
the dlscovery of facts whlch are of such significance as té
justify their detailed presentation both in relatiop to the
original question at issue, and to the larger prodblem into
which 1t has come to-be mergoed. -

Periodic investigations ha#e‘been made to determine
the extent of the lead exposure assoclated with leaded gaso-
line, by the careful study of selectéd groups of persons who
have experienced the longest and most severe exposure to the
conditlions established by its use. Xehoe and Edgaﬁa/;arried
out the first observations of thia'type in 1924-25, Late in

1926, J. P. Leake” and his assoclates in the United States



Public Health Servilce, followlng a progrsm outlined by s commit-
teeﬁzggiinted by the Surgeon General, investigated the matter
further and extended the number and type of subjects observed.
This laboratory ¥#s made three further studles, in the winter
months of 1926-27", 1927-28%, and 1929-30 respectively, the first
two having been made the subject of detailed reportiﬁfo the
United States Public Health Service, and to thinn ustry in-
volved. None of the cdata héve been put into such form asité
be-generally avallable, |

The primary purpose of these investigations could nbt

be served mersdrr by attempting to detect evidences of lead in-

toxicatlon in exposed persons. Kather, it seemed imperative to

_enticipate eug-su eveIOpments by determining whethar-IZ@ﬁ%hpﬁglnmu)m—
wmoﬂyvfgvuﬁm ﬁr“%“7 -euenxﬁa;;ﬂﬂfggﬁﬁgslead intoxication.

\ﬂ%dﬂ)aL!Aff“‘fwaWAD ouﬂ7cumuuﬂﬁ wxﬂi§wjﬂ)hwluuq e&u~W»&::: {kjk
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Yails
gal—obrseryebion ﬂéh&ﬁ‘be found to vary with the magnitude of

lead absorption, as for example, the milcroscopic changes in the
WW‘-—-—’
blood. Lacking unuia?méﬁﬁr_information on these points &% Twesrud
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&t Mm to combine W clinical U— 5

1ed groups of subjects wlth known and unknown exposure

.@ compounds. In short, nothing less than a comprehen-
the physiological Sebleriu

came to be the

gsive examlination of

cppnisditke= of lead compounds

subject of investigation.
7fL-severa1 years 22&7’ have been devoted to such ef-

fort%; fu424duuﬂsn'demonstrated ' that the normal
individual in the United States, experiemeimg no industrial
axposure to lesad compounds,=is\excret£¢&-measurable quantitles
of lead 1n both the faeces and urine. The first obserfations
indicative of this aifesliawls were reported by Kehoe, Edgar,
Thamann and Sanders? The facts as to faecal éicretion were
verified by Leaké” and his associates shgrtlylafterward.

They have been established ;, &7

by the extension of our observatiOns to several groups of

a
carefully selected normal subjects. Francis”/ﬁnd his assocl-

7 NREA
oy ates, as well as ﬁilleﬁﬁ/ﬁava 2 the exlstence of a
o } Cn—-a-m'\
e gimilar sddfuation in England. Verlous—sgroupa.of workersg.,
= 9 10
eond C 8
. " Radham and Tayloﬁ“f Cooksey and Waltoﬂvf and Tannahill\/f
<

have obtalned like results in Australla, while Fretwurst and
awd LU-U.: Nantios pnl P . 13
Fertzx//have reported similqr findings in Germany. We~, as

well as otheré\é/ have shown, further, that the rate of lead

exeretion in faeces and urine varies with the magnitude of

lead exposure to such a degree as to differentiate groups of




workers iﬁ the lead trades from each other and from the non-
industrialized population. These facts have led to the fur-
ther investigation of the econdltions of exposure to lead -
both in tha‘leﬁd trades and in the communlty at large. With-
out é;g;gsggggﬁinwang_nax_ﬁrnm.the importance of the original
problem,’tha study of the lead absorption of the general popU=
latlon has claimed an Increasing amount of attentlon. This
has become the more necessary since those persons who have .
had the WPS? severe «nd prolonged exposure to the hazards of
leaded géﬁglI;é(§£?f“qanga===my to differentiate themselves
from'unexposed persons, on the basis of.their lead excretion

or any other factor. Whether this 1s due to the limltations

of the methods of observation or vhether 1t 1s the result of

Insignificant magnltude of the leaded-gasoline

factor in the totsl plcture, c¢an be determined satisfactorily

a%%haL&%ﬁa of the several sources

which contribute to the absorption of lead by the average

only by the maceoan

hormal man. By the same process one may hope to obtain some
evidence as to vhether such lead abscorption is now or 1s like-
ly to become significant in relation to the public health.
Thus a number of problems have presented themselves,
as the direct outgrowth of what may appear to have been a
giwple experimental study. Certain specific questions may be

sThorast, as follows:

formulsted as matters jﬁ#rm¢='

1. What are the sources of the lead absorbed by

the average normal man in the modern American community?
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yx A&$S§M#uw&.£db ;&ijtQ Z&n/muw/éﬁjﬁaa;«4ﬁyWi;wmﬁfﬁ.
So re) abeerfn,

J. Are—these the result of modern industry and
w £t o
<L

commerce, Or ermathey
tiogﬂ of 1l1fe on a lead~-bearing planet, or are both factors

e o 2 0 WEW AW AC TN AYSS BRSNS
e . R s

oy TIdahty. ee=Ee s condi-

active? _

4. Are there evidences of an inorease in lead ex~
posure as a-conseﬁuence of the'distribﬁtion of leaded gaso#
1line, or of any other commodity or factor of modern origin?
1@q££UﬁuVUqumu}m7LJ&;§ %*ﬁ*w;7 ?

The h o2 T

sults which have been obtained in snswer to these guections,

are denlt with in the chepters which follow.‘7iyﬂuﬁJ¢f/Auwaz§£;
/ ' . . y
,_'1( r}f‘ seaded o vt wci W/{Lweucz‘aﬂ w7m»u-mJ-' }?‘M nalin JZ{‘?‘— S
@‘LUJ :'j; J'}"*L&{lﬁ' .. gﬂ"(zégwi;ﬂ“ Ciﬂ%_lmdto A_%_Mﬁ‘fﬁc f-'.“‘"‘?;c] -0-—\4-3' C::'::—Q -?-«l-f'-"'} r"’ A"/Jd ‘4:’
.Lv‘-fi_r«u,mﬁaﬁ w@ﬁwy‘” _)-'f«fusn- 0‘*‘-) W’A‘D s o ey Gl/ /{“ e
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Chapter IV

The Absorption and Excretion of Lead in Primitive Life

No information&&%’available as to the natural presence of

v lead in human tissues. Nor W#¥ it possible to determine whether

or not some quantity of lead_ls‘to be regarded as a normal consti-
V' tuent of the animal organism 1f observations WA confined to in-

v dustriglized parts of the earfh. Cn the other hand, it ﬁe&&&‘s&emq&
that there should be places that have sscaped the commercial develw
opments of present day civilizaticon, und it which the opportunities
v for lead Qbsorption!§$b~of the same typs as those of primitive men.
A cursory examination of localltles which offered some chance.for
the existence of such conditions, led to the consideration of Mexico
as a fleld for experimentation. Certaln requiremenﬁs were set up ag

~the basis for the selectlon of specific communities, as follows:

bt ’ i :

(1) -ifhe conditions of life must be such as to exclude the posasibility
of_occupational exposure to lesd compounda at any time; (g)

éﬁ? “here must be complete freedom from such opportunity for lead
absorption as would come from the use of lead paints on the
outside or inside of dwellings, or on objects of general us }

G2l cq

'ﬁam W&k of canned goods, metal containers and cooking utensils,

piped water supplies, and machinery of any ¥ind, wersT e .
Barded..as sdequetbe~budIS Tor the exclusloni-SY GAY BHitpwef

gfw”@ﬁﬁzgﬁhﬂ&

(%) ?roximity to cities, or easy transportation facilities to and

from highly organized communities constituted a further objection;

e s AAa



(%) Wining and smelting activities, wlth special reference to lead-
containing ores, must not be carried on within such a distance
as might provide opportunity for contamination of vegetatiocn,

surface soll or water supply;@D‘dL::::p

(ff) Swémemployment of firearms, and the inclusion in the diet of

game obtained through the use of firearms to any considerable

extent, was accenied-ss.reason for exclusiong M&%

¥=must be & considerable number of people avallable for

study, and willing to provide samples of'blood'and excreta, an

well as articles of food and objects of general use.
!<

"\,f\‘t‘ l.!.,l-..- '\: Uw i
/”/f ‘ Persons who—-are familiar with &e Yexleon seerms—will

/ recognize how egqily many parts of that amaszlng country meet these
// requirements, éégzké~eu¥~m&ﬁé;;;he“cvnﬂt*tnﬂHMWQrﬁ"§ﬁ“§"Eﬁfiﬁgrﬁm“
; bo-arouse- considprqbla d%ﬁ?f‘ﬁﬁ“ﬁﬁ“fﬁﬁtT”UUmp&BtE“fu%fii&ment.)hwﬂiﬁwJ}Amm
o wadid 5 Oy I finaild diden, aud o 1930 Mo tond, b

; Through the generous assistanca of tolleagues In thg?Department of

! Public Health of Mexico, it was possible to establish ths probable.
! suitability of several small comrmunities within comparatively short
5;_ distances of Mexlco City, and after &e%ailad examlnﬁ%&an_ef*several
1{ such villages and after}egtablishing mutually friendly relatlionships
:\3—\ "~ with the native Mexicans, our doubts were L';.h&;ﬁl& dispelled, au&Ec-
perimental work was undertaken in two pueblos. S8ince any conclusions

as to the natural occurrence of lead in human belngs must depend

wholly upon the absence of artificial opportunities for leed exposure,

3 description of these two villages and of l1life within them is

2SSETY .

::r:;fw‘i? Pueblo de Cachl Eb @ small village of about one hundred
s abed Lo B forn U aolls 3ogp Sothadumaenry o)

111&3,\situated on the Wexican plateagA thirty-one kilometers
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northwest of Teolueca, in the State of Mexico, At first sight, the vast

expanse of level plain in the region appeared as though uninhabited,.

'ihere were no towns: with obviocus Wiehweys leading to them, or with the

smoke of factorles hanglng over them. : he. only evzdenceof human

existence in the immediate vicinity.was”fﬁihished by occasional flocks

‘hof cattle, tu*keys and chickens foraging under the care of children.,

¥$§%;T The adobe houses of-iimmhi were 5t

~xﬂady~£omw%hemharvest, so.that-onyy-by-stunding on a Humnmock —wuldthe
~¢al£womwcia;boamdmxooiambeweeem scattered at 1rregu19r intervals in the
ﬂwmcaowalé;wﬁqwfuuﬂ 2

midst of the camnuves] field ofwg:a*n. From-sach-a vantage p01nt one~
could see the-church tower and the-tile-roofs..of-Ixtlahuaca to thg;eéﬁl,
and a2t a distance of about five kilometers, while to the no;thfgﬂe'Small
‘iangwgiwigcotit1anMwasm3ust-recognizable as a Beries_gf/wﬁ£¥e and red - - -
specks#enw$hewg¢aea~hackgrvund. T0~$E£Wﬁouth and*%ﬁthin5two~kilometers”‘
were-the- Whlte chapel and the rambling- walls of -8 -gomewhat dilapidated
hacaenda. -“Within -the -cornfields of tbe village one came upon s tortuous
ditch, _in which a a plentiful supply of turbid water was flowing, since it
'Waﬁwihewrainy”séégoh.ﬂrkﬁwellmwornmpaﬁb-ﬁollowedmthe small-carnal-and led
to, the ‘houses,_ all of which were situated .so. a8--to be conveniently sup-—-
g;;a&awathr;;:gr for washing clothlng, and for every purpose except that
of drinking. The latter was furnished by a deep well over which was an
adobe'buildingrfoofed with‘tile. A rope, tied to an éarthenware vessel,

provided the means of drawing the water. Boih.men.and-women.worked in.

the -fields but scme of "the-women.were 1o be seen washing-cloething.or

wool _in. the- stream,- cardingmwool,mspinningmthreadwgnwcrudemsplnules o

-0
. : . ;tuékam
weaving cloth on-simple-looms .tied . to -the rooi-tree-of -the-nouse, -Smati~

~.children, numerous dogs,-and-an-occasional small.-pig s tied—by—tire—irimi

lﬂguiﬂma=ﬂﬂﬂxﬁﬂ ogcupied .the-dorryard. The.single«room-houses built—
Ty, «& Pl Bt e,
*0%_gdobe~blocks, thh one door and perhaps another opening for light.?ﬁ%

A vkt riard v annitnrnA Pyviat ywmata wevre Av Fhe £T Aamr AT Aanesyar an



pegs on the wally//These took the place of tahles, chairs andbeds, A
simple‘stonenhearth'without a chimney was‘in one end, the smoke fihding
its way out under the open eaves. Several earthenware vessels of variable
'size, a three-leagged flat-topped stone and stone reller for grinding

corn, a flat earthenware platter, and & wooden ladle constituted the

coppdeEty culinary equipment.

The occupatlon of the men was purely agricultural and pastoral.,

-

T iommend e a wordein onhe St ol L wte) wf n‘,“[;/w-d weadin W.l’u. y Bon H totan
The only metal 1mp1ements found in the entlre ueﬁlo c n51s¥ed of sickles

and machetes, these.latter-serving-the.peacefunl purposes _of. husbandry.
'here was no game and no hunting. Yurthermore, the innabitants had no
firearms. No pottery was made nere, nor was there any manuraeturing
activity of any kind in the two neighboring towni which provided the
only convenient sraalng and social contacts with otner native groups.
Cachi was poor. Its people had poor clothing and few belong-

ings. Nevertheless it was essentlaily self-sufficient. The people

w—“-ﬂ‘ﬂv

produced their own food out- of thelr -own so0il, They had corn, beans,
small quantities of barley and wheat, and numerous other vegetable pro-
ducts, together with milk, eggs, pork and fowl. They were well fed,

- and in gensral they'were healthy. Thne altitude of over eight thousand
ieet providea freedom from excessive heat and tropical insects, but the
warm bright days permitted tne growth of vegetation the year rcund. Thus
there was no hunger, bSuch food as was not required 1n the village was

J?L. #ha /"‘F AwLL‘:

s0ld or barterea for iime, cloth, pottery, mats, SOmMOreros, serapes,
and ;%%ggos. in general, however, very iittle was produced in excess,
Thus only necessities were procurable, and though tobacco W& relished
greatly its use was infrequent, Pulque, the fermenied \and commonly
putrefied.) Julce o1 ihe almost ubiquitous magey, was easily available,
and was generally used as a beverage by tne men and boys.

Tnere were no highways between Cachi and ithe towns in the vicin-

1ty. Jin-fact,. there were no-recognizable—resds=intoslxtiahugdecss It wos-



uauallanecessary to walx or o rlae on a burro or norse to reach it.

L o , 3 VEREIER
ot—guestITHable OULEOmen  (lLocior-ilores-at—ixtiahuacay—the-onty-ppysl-

cian 1u vthe-vieinmiTy; Rgave eVery assistance and on Several occasions

drove us to Cacni,. showing an.-astonishing-skiis in-going- arOund, over

and througu pools of water and mud 1in .the.-open-plain. ihe—greater-number-
of_nis medical visits._ outside-Ixtlanuaca are madeon norsebsck, -.Through
the greater part ol tue year Lhe ‘automobile 13 a. markpof~distinctlon,

i s et
—_——

rather than an article of.utility. - The Indlans walkead or‘trotted, often

caxry;ngﬂa@loadworwsticksworm@tnermma%eria$wsevera1“timesmth61r‘owﬁﬂﬁﬁigm
the only.uorse.in.the.village. was. tne Property oi. the-cniel.,

‘ol +the visits o1 tue inaians to tne-feighboring towns were limited
t0 marxet aay, ana iocal or geheral fiesta days./ TheuﬁermEfT“ﬁﬁfﬁn
chgfzgﬁ_Oncema_weekqurofruea“an”opportun&tymrormseelngmandﬁperhaps.
purchasing.or-trading tor articlées from the cilty.— in_Ixtlahuaca merchants
irom_Toluca--spread the.r wareg in open-bhootng along thne streets, whiie
people from.the countryside pilea iheir products around them on the
ground and offerea them for saie .or.tirade, Hnwever,~the~pervading‘atmos-
phere was not tnat or a market place but géghér tnat ox a gav bazaar.

The social 1ife of the neignhborhood found 1ts chietf expression in these
weekly ‘gatherings, 1f somevhing could be bought or sold a pretext -was.
tnggmggotidedwfor a daywof~visiting and pleasure,- in.which. .commercial .. .
matters were mere incidents.

\uﬁ? More aistant places wese Visited rarely. OUnly one of the persons
used as subjects 1in Cachl, an -ild man of seventy, had ever beeh in nmexico
City. ne nad ivraveled the entire aisvance on 100t, dupliag-the—celebration
bi_ihﬂmiieatawor*tnewfirgihwer”Gad&fiupe.

The Rancheris el Colera 1is a small pueblo near Capulhuac.about

twenty-four kilometers southeast of Toluca and approximately fifty kilo-

meters from Cachi., Its people and its community life were so similar



to those of the village previously described that no voints of signifi-
cant differentiation were evident, except that the variety of food mater-
ials generally‘uéed was somewhat greater than that of the people of Cachi.,
This will bé shown in the 1list of food san ples on which analytical results
have been obtained,

No mining or smelting of lead has heen carried on in the State
of Mexico according to information suppliéd by the federal Institute of
Geology. ©No deposits of lead ores were known to exist in the vicinity
of the two villages in which observ;tions wefe mgde, though three obsoclete
doaaments granting claims for the extraction of argentiferous galenz in
the town laznds of Agquipan, in the extreme south of the state, were found

in the Depariment of liines., The fzte of these atiempted mining develop=-

ments is not recorded,

KE 0014442



7
éﬂgﬁﬁ;qﬁﬂ$3§69bserVation of the sctivitios of the
people in the two communities led to the recognition of only
one opportunity for the artificial Introduction of lead into
their food., This camé from their use of earthenware utensils,
whiech will be shown to have been glazed with a lesd compound.
Considering the antlquit,; of pottery and lead glazing materiais,
this may not be regarded as a modern phenomenon. Some idea of
its significance as an early example of the use of lead-contain-
ing comﬁodities may be obtained from the data of thls study.
Fifty-three subjects in Cachil, and forty-two in
Colero were selected for study. Fach subject was questioned as
to his birthplsce, age, occupation, visits away from the village,
and 1llnesses. A cursory physical examination was made for the
purpose of eliminating such as were 111, and a determination of
the haemOglqyin of the blood by Darets instrument, 2 urinalysis,
and blood sﬁéﬁgg, were made on each subject. Fifty cubic centle
meter samples of blood for analysis were obtained from thirty-
four‘subjects in Cachi.. in the collectlion of these samples
g@ﬁﬁﬁ care was taken to avoid any contamination. The syringe
and needles were sterilized in a small metal receptacle heated
by an alcohol lamp. pis?i}led water had been carried along for
the purpose. Afterlgﬁifigxéé~aach sample the syringe was washed
out'with well waten, rinsed in distilled water and boiled 4n
distilled water, F;om time to time additional distilled water had
to be added to the sterillizer. At the end of the dayts work, the
residual water in the sterilizer contalning the non-volatile

gecumulations from several sterilizations, was poured into a

sample bottle for preservation and analysis.

. A M A A A BTy



Gallon jugs for samples of urine and beverages, and quart jars for
fmeces and solid food materials, and smsll bottles for blood and other
small samples had been prepared and sealed in the laboratory in Cincinpati,
and had been shipped by rail to the nearest point. The final lap cof their
journey was made on the backs of burrcs. They were stored in a dry asdobe
nouse, from which trey were given out to the subjects for immediate use
and immediate return to the custody of the caretzker. ZBach subject was
provided with an identification card which showed his name and number, the
jugs and jars having been labeled correspondingly. At first difficulty
was encountered in introducing the idea that the urine samples were to be
provided by single individuals. In some instences the identification cards
were passed 1o other members of the family of the subject in 6rder to
expedite the cond usion of the work and the obtaining of the fee. This
was not so much an intentional deception, as a lack of understsnding ﬁf
what was desired. When the language difficulties of the situation are
considered, and when some inkling of the absurdity of the entire situation
from the point of view of the Mexican is appreciated, the misunderatanding
is not surprising. On the whole, however; the collection of the samples -
was satisfactorily accomplished, with only the occasional mishap of mixing -
the urine of more than ore person in a single container; In a few instances
recorded in the data, the samples were so small that they were combined to
make composite samples. The food samples were collected directly into the
Jars.

Upon the completion of the work, each sample was treated wgg%f%(to

10 c.c. of 40% formaldehyde which had been shown by analysis to be free of

lead. The containers were sealed, packed in crates and shipped back to the

Cincinnati laboratory for analysis. Threugh—%hﬁ*cUnrtqsy*vf“Uﬁstvms—e££i»

C"{LQ“‘G‘M &Mdffuﬂ-ré.,.-\\ [V ] \T G.:\.‘;U:A" | 2%

.cisle it.was—possible to.have them knspeetedn Cincinnati in the presence

of a member of the laboratory staff. Thus no opportunity was given for the

contamination of any of the materisls from the time they left the Mexican
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\ staff. Thus no opportunity was given for Ahe. contamination

ra
Ji

//;ncinnati laboratory for analysis. Through the/ﬁourtesy of
/r customs officlals it was possible to have them:?elivered to
the analytical laboratory without breaking the/seal on a
single container,;the customs inspection having been made

in Cincinnatl 1nfthe presence of a member of the laboratory

“. of any of the materials from the time they 1eft the Mexican

Py
4“"

l-village until they arrived In the labor W
PB4, ﬁoé:r 2, anodyliodmactty b d

Tables Kﬂi.to-X&EI *nclu31vg) P M..i

: .’,' v){‘me«“\. ’?""

sﬁathamana1v+inﬂ1 obuanxa&menes 3011 samples taken at

random in the fields under cultivation ('able XVI)} uniformly
show esmall amounts of lead. Since there had been no opportu-
nity for surface contamination of the earth by artificial
means, these results give some 1ldea of the natural leasd conw-
tent of the soil. No doubt there are wide variations in
dif'ferent pérts of the earth, but wherever soil is produced
bj the leveling of mountains, some small quantitles of lead
may be expected to be found. Similarly, the water contains
minute traces of lead. Table xﬁgi shows that the vegetation
w=m absorbed qmall amounts of lead.
— SRS /S 4

In the case of prepared foods {Table #*8%) it ia
necessary to consider the opportunities for the introduction
of lead from the use of pottery. Table XV%&I demonstrates
the lead-glazed character of the pottery which was being used
generally in the two pueblos. Cartain of the anlmal products,

such as eggs, fish, lizards and crawflsh were obtalned in a

raw state and are not to be classified as prepared foodss
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Table XVI

Lead in Scil snd Water

{ I S _ COLERO
(@4 Found|TG6g v Lﬁ%ﬁ Pounquﬁ}Zow
Article fQuantity MESs. Zﬂiﬁaﬁn,Cuantitm Mgs. ! ;

{
1

R~

__Well Water (drinking) 13600 c.c. 0.03 - 0.009/Lj 3900 ce. 0.03  .0,009j
_VWater from Stream(washing) | 3240 c.c. 0.C0  0.00 | 3860 cc 0.03  0.009f
_.._So;'l #1 . . ' cé?j.’:'}«ﬁﬂ ‘Ef{\u..‘ ‘ LR A ,z‘}"‘u:' [l o | PR . A

_§9~17L1'ﬁ,‘i12 it 4 R ﬁ - :‘5€ ) ) / B d‘ [+) . ) ‘ b S

soil #3 S A s
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Table XVII

Natural Lead in Vegetatlon Used as Food Haterials

CACHI COLERO

o ‘ ‘ y
Weight “Pb.Found i@ 0 ;:sJ‘weight Pb. Found"a‘*dp T
Articles in Gms. Hgs. hﬂh/ i in Gms Mgs. ‘ﬁf?“ﬁf
f:
Wheat (dPY) e 99.40 . 0O, . 0«&1 i e
theat (green) 146.40 . 0. i
Corn (dry ;.:m; “ liEzouro 0. : i R
corn (green) #1 " ['1e1lz0 0. 0:3f ss1.80 0.01 0,08
Corn (green) 32 B 2 5 U A o o) AR : pemeen 82

gorn Stalk (green) #1° Hiss.20 ¢l . 275.00 " 0.02° TG,07

[ ] - -
COOOOHQO
_mpmmmppp

000000 o0

Q.
4]
0
0

Corn Stalk (gr‘?en) {*—‘2“ IR 1 015 00 0.0 £ 3"‘ i

Corn Musks (green) _N }‘227 20 0. - o.eG |
Peas {green) | '1 B 1291.20 0,01 '0,03-
Pea Pods (green) '_d” N o ' ' 35193.00J"OZOIM'W“”O;ogh
Feans (dry) L LE7S.007T 0.11 0.6 1175.40 0.07 ~ .40

Feans (Haba) (dry) o o o 1 213.30 0.03 '0.'1?
Zeans (Haba) (green) mmﬂ_wmlla 00 0,08 . 0.2G .256.50 0,04 'nmo;é
Pods (Haba) (green) - 175,00  0.00 0.00 1283.80 0.01 0,08
Leaves (Haba} (green) ' ;133.30  0.00 0.00 T
Pgars {green) ;W.Mw,wm,f  1 218.10 0.04 0.(%
Apples (green) . 249,50 0.05 . :
De'aches green) o '_ 243.70 0.02 Q. g 1 262.80 0.01 = 0.0~
Yopal #1 | | ~ 1149.30  0.00 0,00 231,10 0.01 = 0.0&
“opal #2 77214.40 0.01 0.03- | 128.60 0.03 = 0.%
Squash (green) o - 121.00 0.04 0.3% | 335.60 0,01 o.%%—
Squash Plant b i 71.20 0,02 0,29
Fadishes S .l B4.80  0.01 0.7
Turnip Leaves W 221.50 0.00 | 0.00
Peppers i |l 52.00: 0.03 34
Greens #1 "~~~ 85.70  0.00 0.00 1il2z24.60 "0,01 7 3-
Greens #2 7 7 - | 80.70; 0.00 | o 00
Capulin (type of cherry) ' | ; 215. 90| 0 01 ! 0.0%-

RE 0014@4?



Sample

Glazed Dish
Glazed Dish
Unglazed Dish

Table XVITI

' Lead in Pottery Used by Subjects

CACHI
Welght L[4 Found
in Oms. lgs. Percent
1.00 8420 0.82
RE 0014448

COLERO
veight 142 Found
in OGms. Mgs. Percent
1.00 13.00 1.30
1.00 12.60 1.25
1.C0 0.10 - 0.01



Table g_‘y{ -
b

Lead In Animal Products and Prepared Food Materials

CACHI COLERO
Articles ?giglggon \Iggl;md v )k%ﬁﬂ; v‘s ti‘agiggg.l’bégg?nd " *fgf//@a
Atole - (barleys corn M\} 417.50  0.00 0.00  408.70  1.70 445
Corn in Lime Solution N 445.00 0,04 0.6§  544.00 0.10 0.48
Corn ground for Tortillas  117.20  0.02 o.f 26570 o0.05  o.iL
Bread | 73,70 b;ov o 0.45
Tortillas 119.40 0,07 0.58  =224.80 0.08 0.34§
Tamales (corn) 283.30 0.01 0,04~
Chicken 419.80 . 0.00 0.00
Eggs - Hen and Turkey 503.40 0.00 0,00  471.50 0.0l 0.0%
Boiled Pork : 411.70 0,03 0.0  492.10 0.00 0.00
Pork Sausage 73.80 0.02 0.47

> Larg (pork) 54,70  0.00 0.00
Beéf : 121.80 0.02 0o
Chili (with meat) | 324.40  0.15 0.46
Cheese | 84 .40 0.00 0,00
Dried Fish | _ 26,50 0.04 .5k
Fresh Pish | 80.90 0,02 0.24
Ajolotes {lizard) 207.80  0.02 0.{Q
Craw Fish | S 186.90 0,14 0.7
Common Salt 204,60 0.21 b.0%
Candy (local type) ' 277.60  0.08 O.KQ
Pulque 3300 ce 0.14 0.04 A% Sample Lost
Aguamiel Wine _ 3760 cec 0.06 0.028¢
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Thus any lead found in them is of natursl origin. 1In fact,
only two of the articles listed in Table XIX, show amounts
of lead which indlcate the likelihood of significant con-

tamination, namely, the 231359 which probably took up some

of 1ts lead from earthenware vessels, and the atole, one

sample of which i grossly polluted with lead. The letter
circumstance may have been due to the unrecognized presence
of small fragments of the earthenware jar In which 1t had
been kept, since such Jars are very fraglle.
5_/ {’ 7 7 F. s 7‘

Tables ¥X, xXI, xxIT, xxIfl, and XIV, display
tire lead findings in the two groups of subjects. Only eleven
of the thirty.two blood samples showed the prosence of lead,

and in these the quantitlies were small, but measureable.

Decause of the minuteness of the quantitieg of 1ead)which

AlwsiFaml,
were at the lower limit of analytical R, the entire

volumes of the last five positive and the last three negative

samples as finally prepared for the colorimetric determination,

wers preserved for re-examination. ,@Ewenty-thwee samples had

been completed and the solutions had been dlscarded bafore

this procedure was decided upon. ‘The two sets of combined
samples were evaporated down to the requlred amounts for

colorimetric comparison and a re-estimation of the total lead

was made, This same process was employed in checking the

quantlities of lead in all other types of samples, the resulis
appearing in Table XQ&V. Thus, desplte the_&xmﬂﬁaaeﬂsaﬁﬁtho
quantities of lead involved in the enﬁire seri;;uor analyses,
there can be no doubt of the presence of lead where 1%t 1is

reported to have been found.) It is certain that the lead
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Table XX

Distribution of Subjects According to Lead in the Blood

Lead in Milligrams :
rer 100 Gms. Blood  Number  Percentage

0,00 - 21 65.6
0.01 = 0.02 6 18.8
0,03 - 0.04 2 6e3
0.06 « 0.06 1 3.1
0.07 - 0.08 1 3.1°
0.25 1 * 3.1
Total 32 100.
S{ ib:ﬁm@;rmf{i ;9’?—:(&5,} o paniits ;;:uﬂnbm}:n f‘-_zl..;«.\.a:f: e .x,,ti .T-
-t ¢ 7 7

& ! ’
‘\;-':‘L"'{,‘rl.\\‘
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Table ;i;

Walbganans ,Ldéﬁt'/
. Distrivution of Subjects According to Ameumte of Lead iw Urine

COVBIMED GROUPS CACHI COLERO

WM&Q4UM~ AQJD
/mubiter of Urine Wumber Percentage Number Percentage Number Percentage
i 0 = 0.009 37 45.7 19 45.2 18 46.2
0.010 -~ 0.019 26 32.1 10 23.8 16 41.0
0.020 - 0.029 104 12.4 8%  19.0 2 5.1
0,030 - 0.039 4 4.9 2 4.8 - 2 5.1
0.040 - 0,049 3 3.7 2 4.8 1 2.6
0.080 - 0.059
 0.060 - 0.069
0.070 - 0,079
0.080 - 0.089
0.090 - 0.099
0.100 ~ 0,109
0.110 - 0.119
0.120 ~ 0,129 Lerse 1.2 14 2.4
Totals . 81 100.00 42 100.00 39 100.00
_Nean . ]0.0138 5008 m‘i'is A OvOOTZ (o"dié{:
D LU e T v 0008 0 fo,0012 0,000
___Standard Devuh‘ . +#0.,0105 ... 40,0114 . 40,0095

* These include two composite samples made up of the urines of two
groups of chilldren.

#¢ Omitted in calculation of mean.

1 2 P o~ . A m o



Table XE%I

Distribution of Subjects According to Milligrams of Lead per Gram

o oo}

N

food Bewnd o otte

H O - 0-019

0.020
0.040
0.060
0.080
0.100
0.120
14
16
0.18
20
22
24
0.26
- 0.28

Totals

_¥ean

0.039
0.059
0.079
0.099
0.119
0.139

0.199

0.279
0.209

_(Fustonrt ungd-

8. Ds

mimt A in

Ash of Fseces

COMEINFD GROUPS

Humber Percentage

28 36.9
o1 27 .6
13 17.1
5 6.6
4 5.5
Vo W
o 2.6
1 1.3
1 1.3
1 1.3
76 100.0

T’szv +ovees2 _ [0.038

io Iy I
+0 280

AalrmiTatrdmem AT 418 vmoaow

CACHI

Number Percentage

198

9
6
4
2
e
o~

47.5
22.5
15.0
10.0

5.0

- £0.0243

CI B wmnd

AW ATE . -

I

COLERO

12

36

Number Percentage

25.0
3343
18.5
2.8
5.5
NP S—
5.5

2.8

2.8
2.8

100.0

op osdr &0 0037
. ... 40,0037
+0.0312



__ﬂhrrzyumméuqf bk
L7110 - 0,019

Table

Distribution of Subjects According to Lead Found in Faeces

Mﬁ"m 'F .(;;.4-.1

0,020 - 0.039

0,040 - 0.059

0.060 - 0.079
0.080 - 0.099
0.100 - 0.119

0,120 - 0,139

0,140 - 0.189
0.160 - 0.179
0.180 - 0.199

0.200 - 0.219
- C.220 -~ 0.239

0.240 - 0.259

0.260 - 0.279

0,280 - 0,299

0.30 « 0,319

 0.40 - 0.439

1.00 =

Totala

Mean

TR St e

S e ‘d,.q - ,._,."---A -f’:'-.._

# dmitted in

x 1

f COVBINED GROUPS

"‘%.-_.‘_‘

4 Number Percentage

».,.mm__ﬂ

10.5
9.2
11.8 °
9.2
5.3
11.8
9.2
7.9
2.6
4.0
4.0
1.3
4.0
2.6
0.0
1.5
L 4.0

T R N "= '« T o« TR > NS SR o SN/ ST o' B « - B S Yo B S S (¢ B, B

1.3
76 100.0
- i

ﬂ..

i .1078 % 0.0069.
o, 2059 7
10_0741

calculation of the means.

k!

CaCHI E

Number Percentaﬁe?

12.5
20.0
lé.S

5.0
10.0
| 2.5

P O - T R

w
n
.

<

0.0
2.5
0.0

o O = C© O W O W
o
o

0.0

40 100.0
H
F“ogab +-Ov06F—
+0.0077

£0.0725 L

KE 00314454

S18.0

COLERO

Number Percentage'm

5.5
5.5
2.8
5.5
5.5
13.9
16.7
13.9
0.0
2.3
2.8
2.8
5.5
5.5
0.0
0.0
8.3

= U O o W N O O o I T ¢ B R N

2#
2.8

36 100.0

.

67130 & 60085
20,0073 o
+0.0700



Table XXIV

/0

Summation of Analytical Results as Compared to Amounts (Obtained

by Composite Analyses

Pood..Jamptes

Jﬂ"lgwm/<
__ Fooa~Ssmples

-\ POS-:

} pog. ]
—K Neg.!
i

19
77

0.97 0.93 34
0.06  0.04 I 9

mﬂwmﬁm dhe-nlan fo.do comnpasddeoay

_%# Only three negative results were obtalned on faecal samples.

RE 0031445

CJ':-
o

gmw:::TEau “T CGLERO .
| Sum of Q ‘Sum of
SNumber . Individ- " Number Individe
. of ual Compostw of . ual Composite
Descpiption ‘Samples Findings Analysistamples Findings Analysis
B 0,05 _0.08 . . .
3: . 0.00 . 0,00 :
22 0.78 . 0.85 | 32 1,41 | 1.51
B% 0,00 0.00 G 7 0,00 ; 0.00

M_ﬁﬂ rn'pwl 9,5;_" W gww W\‘NMW

3.17 2,97

0.00 | 0.06
o

10.73 | 10.29

e
materiai-wara—diacaried-bvefere—sveadorttoroftire-rian—to-30—0 05w
pasifl analyees .



found by analysis was in the blood as withdrawn from the
veins of the subjects, for any susplclon that contamination
may have occurred 1ls eompiebedy dlspelled by the fact that
the three samples of resldual cistilled water from the

sterilizer {FALIEL AP railed to show traces of lead.

Table #%T detalling the analytical results obtained
on the urinary samples, shows the mean values of the lead ex-
cretion per liter of urine for each group as well aﬁt;he com=
bined group of subjects. Iere, again, the results were lbw
but the volumes of the individual samples were so large that
the amounts of lead generally found . .were within the limita of
accurate measurement. The volume of the average sample was
over three liters, many being four, and only a few less than
two liters. The accuracy of estimation of the smaller amounts
1s attested by the,result of the compésite analysis which
appears in Table &%v. The urinaéy excretlion pf lead 1s of the
same gggnitude in the two groups of subjects, as shown by the ¢ele.f?;
mean@éwwgespite the comparatively small numbers of subjects the
means are so stable as to indicate only a small variability in
the experience of the subjects as regards lead absorption. The

exceretion of lead in terms of milligrams of lead per gram of

ash In the faeces, {(Table ;&II),shows 2 slightly greater

variability, but the two groups of subjects are similar in

- this regard, and may not be differentiated statlstically.,

e

VS N JE . N
Ol =
\_// A 't

~comparison of these mean values with those obtained from the
study of the medical student (cf. Tables VII_and VIII), brings

out the surprising fact that they are of the same order of

P o om OB R et e



magnitude, Evidently the ingestion of lead by persons living under
these natural and primitive conditions, is not widely divergent from
that, experienced by certain individuals in an American city. The
evidence provided in Table XXIII leads to the same condlusibn. The
guantities of lead actually found in the samples reach a mean value

of 0.108 milligrams of lead for the éntire group of subjects., On the
whole, the single samples represent not more than one day's alimentary
output, while the lead content may be aséumed to be soﬁething less than
that ingested during the previous day. In these terms the mean daily
ingestion of lead amounts to é 1ittle more than one tenth of a milli-
gram of lead. This value of 0,108 miilEE;QQS‘in_the Mexiean subjects
is to be ccmpared with the value of 0.187 arrived at by similar
methods in the case of American subjects. A slightly different basis
of comparison may be made by calculating the mean daily output of

lead in both uriné and faeces. Assuming that the mean lead content

of the faeczl samples constitutes the alimentary excretion for =z day,
and that approximately two liters of ﬁrine are voided daily, the
average Mexicsn excretes approximately 0.14 milligram? of lead per
days as compared to 0.33 milliérams for the American., The unavoidable

conclusion to be drawn from these facts is obvious. Despite all the

opportunities for the artificial contamination of food materisls with

lead in American cities, a large proportion of lead which is ingestéd

by the average Americen is derived from naiural sources.

A clasiification of the Mexican subjects on the basis of
their ages, as‘péfgggyed in Table XXV, shows that a large number
of children were included in the groups. An opportunity is thus
afforded for the comparison of these children with the adults of

their own type, and with American children. Table XXVI gives the

analytiéal data for children up
W = N4 A R



Table X2V

Distribution of Subjects According to Age

Combined _
Age in Years Croups Cachl Colero

5 « 9 30 18 14
10 - 14 13 2 11
15 - 19 7 4 3
20 - 24 4 2 2
25 - 29 14 8 6
30 - 34 6 5 1
S5 = 38 6 5 1
40 - 44 4 2 2
45 =~ 49 1 1 0
50 - 54 2 1 1
56 - 59 2 2 G
60 - 64 3 2 1
66 - 69 1 1 c
70 - 2 2 0
Totals 95 53 42

KE 0014458
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-Table XXVI

e .
e gmaat

",

Distribution of Children as to Lead Found in Faeces, Lead in

¥illigrams per Gram Ash of IMaeces, and Lead in Milli-

Lead Findings
Milligrams

kR '17

|s\5

grams per Liter of Urine

A

umber of Subjecta a8
i'to Lead Found In Faeces

T Number of Subjects as|| ¥
to Lead in Mgs/Cm Ash]

Number of Suﬁjects:
toLead in ¥Mgs/L.Urine

{Cachl Colero Combined|

Cachl Colero Combined

Cachi COIero Combir

0.019
0.039

0.059
0.079

0.089

g

0.119

0,12 - 0.139
0,14 - 0,159

0,16 - C.179
0.18 - 0.199
_0.20° - 0.219

0.22 = 0.239
0.24 - 0.259
Jgf?G - O.

Totals

(Combined Groups

“""""xr'—‘l“"U'Q

s. D;“

e

!
i
cor

oe}
>

VR TS

SR I N~ I R
M N0 e

o

)

e e
12 1w a7 12 |18 27
. R I .

10
9

TSI e

e

576596 & 0-0050— ||

BRI/ I X -

il
-

b ALk i e
H :

tO 0409 T

e et bma g
H -

 “21*_

# Only =ix of these are nil, two from Cachl and four from Col:zro.
#xCalculated after a wider distribution of findings.



to nine years of age. The numbers of Qubjects are too amall
to permit statistical treatment of the individual groups,
but the means for the total number of children from the two
A Lnctiidlf
villages are stable. The means are not signiﬁlcantlg dif-
ferent from those of tha entire groups to justify calcula-
tions bh the adults alone. On the otﬁer hand, the urinary
lead excretion of these chifdren is significantly.lower than-
that of the American children, though thelr faecal excretion,
while considerably lower, iz not significantly so from a
statistlcal polnt of view. Thé inportance of the observaw
tions on the liexican children arises from the fact that it
is nof necessary to consider the possibllity of any sources
of lead ingestlon external to their pueble. They had spent
their entire llves up to that time in the Immediate vicinity
of their native village.
The examination of blood smears made from these

subjécts'establishes a fact which 1s of some consequence

in relation to lead abecorptlon. “uch discussion has cone
cé%%gd 1tself with the question bf whether stippling of the
erythrocytes occurs in normal psrsons. Table XXVIT ansﬁers
.the question conclusively and affirmatively. There can be
no question_of any relationship between significant lead
absorption and the presence of stlppled erythrocytes in the
blood of these qubjeots. On the other -hand, there is s
ﬁ%%é&¥§ean¢ difference in the people of the two wvillages in
this regard. ¥For some unexplalnable reason a considerable

proportion of the blood smears from Cachl show numbers of

stippled ervthrocytes which would be generally repgarded as



Table XXVII

ﬁmm@
Distribution of Subjects se to Stippling of Erythrocytes

-

Number of Stippled|
- Erythrocytes per ! . |
: 50 Plelds ' Number | Percentage!|Number Percentage

"COLERO

i ]

‘s

: L | ‘ |
ool AR Nz 9
12 sed 2 4.3

— , -

® s O
‘ |

I T R S ¢ TR 7 I

e i e e oW 50 At e

e b 3 3¢ 2 o T 4140, e ol Sk P £

T

P
PSSPy SUITI
e

Total
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Table XXVIII

Distribution of Subjects According to Haemoglobin of Blood

CACHI
Haemoglobin
Reading(Dare) Humber Percentage
“60—="64
65 - 69 o B,
70 - 74 3 5.1
75 - 79 v 28.8
80 - 84 13 22.0
85 - 89 15 _ 25 .4
90 - 94 9 15.3
95 - 99 1 ' 1.7
100 - 1 1.7
Totals 59 100.



@f diagnostic significance, under condlitions of lead exposure.
:The smears from Colero were mostly negative, and uniformly
‘ iow. The presence of secondary anemias in the Inhablitants of
" Gacht might be expeeted to produce such a result. However,
the subjects in both villages were healthy, and the haemo=
globin determinations in Cachi, shown in Table XXVIII, do not
suggest the existence of any conslderable Iincidence of anemia.
_Furthermore, there is no correlation between the amount of
“8tippling and the haemoglobin reading. These facts lead to
.rthe cbnclusion that stippling occurs as a normal phenomenon/f
of unknown physiologlcal signiflecance. This statement of fact
must not be Iinterpreted as a denlal of the practical value
of blood examinations in the case of workers in the lead
trades. Data which will be shown later demonstrate the 1me
portance of such observatlons in cbtaining presumptive
evidence of lead absorption; Nevertheless, considerable caution
must be exercised in drawing concluéions from such information,

even under the most suggestive conditlons.

KRE 0054463



_Chapter IIIl

The Sources of Lead Absorptioﬁ in the Modern Community

The uniform occurrence of lead in the excreta of normal
individuals Indlcates a general distribution of lead compounds
“In the normal human environment. The quantities of lead in the
urine sre so small as not to be demonstrable by the analytical
methods employed by most of the earller investigators. Thus,
there is no adequate basis for an assumptlon thgt this is a
phenomenon of modern 1life. Evidences to the contrary are to
be found 1n certeain obserﬁations of the lead content of food

Va

content of many food materials, b, satisfactory chemical methods,

and drink. As early as 1881, Gau+t ier etermined the lead

and concluded that the average Frenchman was ingesting svproxi-
‘mately half a milligram of lead daily. In his opinion the prin~ |
cipal source of lead w«ﬂ:&gﬁuiiucooking utensils and preserving
cans. Other facts, moatljvof a frégmentary character, tend to
demonstrate that such factors were not the only ones involved,
Fuller reference to these matters will be made later. But it
need not follow that present conditions are the same quulitatively
or guantitatively. The modern technlqgue of handling food is vefy
Gifferent from trat of the niﬁ}eenth century, while many other
mattera of everyday life have seen reveolutlonary changes. There-
fore it is necessary to examine(the)conditions iIn the modern com=-

runity in some detail.
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We have chosen to approach this question by a less
laborioﬁs method than that of systematically studying the
lead content of foods and other materials with which the
indivicdual has contact. It appeared more advantageous and
more interesting from a physiological point.of view, to obw
serve human subjects under certain sharply defined variations
in environment, thereby obtaining simultaneous information
as to the environmental factors and the respeonse to them,
4 study of the lead excretlon of Infants and children was
made on the possibillty that the limited length and quality of
their experience might be associated with an obvious limita-
tion of thelr contacts with lead. Observations on adults under

carefully controlled conditions supplied furthér variants.

1. Leasd Lxeretion in Infants ahd Chlldren.

Children were taken at random from various services in a
childrents hospiltal, ﬁnzﬂuﬂ care to exclude such as were suse
pe¢ted or known to have had exposure to lead compounds or a
history of pica. Those with écute illness were also avoided. In
s0 far as it was possible, samples of ur}né énd faeces were col-
lected directly Iinto the containers?ﬁﬂ}gL:bme instances thils
could not be done. The precautions taken were such as to avoid
the likelihood of contamination of the materials with any lead- -
bearing materials.

Table IV shows the ages, the ééunds for admission to the
hospital, and the lead findings in thils group of children’ ﬁ%;zza.wdi

Pable—V—eaontaine the mean values for the excretion of lead in

I VoAt . B e
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Table.II

Lead Excretion in Normal Children

LEAD IN FAECES LEAD IN URINE

Hospital Deseription of Case sz. _
Identifi. or _ K Hgs. lgs/Cm Vgs. Wgs./ -
cation No. Diagnosis : %@nf Found  Ash Found  Liter
. 80 Orthopedic Treatment 9 0.30 0.06 0.17 0.17
245 Chorea 8 0.27 C.09 0.08 0.06
970 Cardiac Leslons 7 0.2%7 0.03 0.11 0.09
V' 2130 "Posl-Oberatire Conyakscenes: 5 0.10 0.03 0.23 0.08
2330. Cardlac Lesion 10 0.38 0.10 .13 0.07
2504 Orthopedic Treatment 12 0.61 0.08 0.20 0,08
.2882 Convalescent Polio- -4 "0.05 0.005 Oi1l4 0.09
2783 Crthopedic Treatment 4 2,22 0.31 0.11 0.13
2875 Convalescent Fracture 4 0.62 0.14 0.06 0.07
3043 "Astragalectomy 9 0.14 0.07 =~ 0.10 0.086
3091 . Osteomyelitis 11 0.42 0.08 Nil Nil
3119 Post-appendectomy 7 0.10 0.13 0.11 0.08
3337 Iczema 1 0.37 0.07 0.20 0.18
3377 Chronic Appendicitis 14 0.09 0.03 . 0.24 0.08
3387 Osteomyellitis 7 0.53 0.06 0.13 0.07
3528 ¥astolditls ' 5] 0.21 0.05 0.18 0.09
3531 Dietary Hegulation 0.6 0.26 0.03 c.18 0.1l
3532 Oesophageal Stricture - - 1.57 0.18 0.04 Q.02
3604 Chorea 11 0.29 0.11 037 0.07
3691 Post-anpendectomy 11 0.45 .05 0.24 0.11
3695 Osteomyelltis 10 0.14 0.01 0.12 0,07
3698 Post-appendectomy 12 a4l C.08 0.17 0.05
3703 Anemia (type?) 5 0.43 0.14 0.10 0.04
3706 =  Post~-aprendectomy 13 0.22 0.08
3726 Ctitis media - nephritis 12 0.7 0.03 0.1%7 0.17
3763 Arthritis 8 0.10 ¢.01 0.18 0.07
3779 Post-appendectomy 12 0.28 C.07 0.13 0,04
3780 Convalescent Fracture 12 1.28 0,15 " 0429 0.09
3846 Alkaptonuria 0,285 0.24 Q.05 0.15 0,10
38668 = Convalescent tonsillectomy 8 0.23 0.15 0.11 .0.39
3874 Post-appendectony 11 0.80 0.11 0.20 0.12
v 5887 Convalesgentiburn 6 0.39 0.04 0.05 0.03
3901 jiastolditils 15 0«24 . 0.L06 0.03 0.04
- 5967 Chorea . 8 0.23 0.03 0.23 0.11
4020 Orthopedic Treatment 7 0.70 0511 013 0.12
4026 Tonzillectomy - 8 0.90 O.11 0.09 0.10
-’H{ T, Ofe%o o O%S-
ibuidey Do rand | + 0.008 4+ 0.00%
\'—. f‘ s v " ,: f.l\*{-s‘ta}-c-@n
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the faesces and urine. The calculation of faecal éxcretion in
terms of the total ash 1s not entlrely justiflied on a physiologi-
cal basis, for reasons which will appear later. IHowever, it is
a reasénably satisfactmw'érbitrary basis for guantitative com-
parison. In this case 1t 1s necessary to use some such means,
for t@e reason that the faecal ssmples afe not comparable on s,
tins g;;éj
The constaney in the lead excretion in these children 1s
sufficient evidence of the general and unavoidable‘character of
exposure to lead compounds, Moreover, the magnitude of thelr
lead excretibn a8 compared to that of adults suggests éither
that lead is excreted more readily by the yung, or that time
is not an important factor iIn influencing the extent of absorp-
tion under present conditlons of exposure to lead compoundé.
It 1s worthy of note that none of these children showed
symptoms which gave even the vaguest suggestion of lead intoxlca- _
tion. One of them had been breast-fed from birth. Thuv:s:l tne CHedlier Uy
possible sources of lead must be extended to include the sucke
ling perlod and the gestatlon period. Accordingly the lead
content of human milk was Investigated in a 1imited manner.
The results obtalned may not be regarded as a representative
cross sectioﬁ of the normal situation. They merely demonstrate
that the ingestion of lead from this source may and does occur.
The milk was obtained by manual eXxpression, each subject
having been instructed by visiting nurses in the matter of clean-
liness and genesral technlque. The several‘smali éamplés were

collected and delivered fresh to the laboratory, where they were

kept until a considerable volums had been obtained from each



Table Y '

Lead Content of Fuman Milk

Volume of Milk
Subject lio. in c.c. Lead Found in Mgs.

e

[ I N vy R ot i
M R e L DT P e ety

2031 | 0.05
1936 ? 0.10
2806 | 0.09
1280 : 0.04
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subject, Allfoffthe subjects were hoﬁsewives, with entirely

negative histories in such matters as occupatlonal exposures

E it Nl
to lead, recent 111nessea, and recent-seurees of medlcation,

<

‘J' Tablejﬁl presents the results of the analyses.
v’ Our data on lead absorption during gestation & confined .
v’ to'3q0$ obtained on experimental animals, under variable condi-
tions of lead exposure. As suchiﬁy &W not anply to the
' .-_L,Q‘J - -&J A'g
- 47 present matter except in so far as ? tv’s that lead absorpe-
tion in the pregnant animal 1s asoociated with lesad absorption
by the foetus. ﬂowever,E&T furnish/.: presumptive evidence that
human beings may be born with lead in thelir tissuses.,.
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N Pt o 2. Lead Ingestion and Lead Excretion in a NWormal Adult.

;N \-l
efL‘ ;ﬁil

'Vt ) “31: 4 healthy medleal student was selected as a subject for
yiiivihé;ily observations over a long period of time. His understanding
s of the character of the problem prévided the intelligent care

4 and cooperat{ggiﬁbf prolenged study. He kept a diary of hnis

activitles and movements about the city and the College of iedi-

cine, in which he also recorded his food intake together with 1

sources Exeept for specific linstructions from time to time, he

ts

selected hls food according to his own wishes, and but for condi-

tions imposed for experimental reasons, hils entire life was that

of a normal junior in the College of Medicine.

The results obtained over a perilod of a year are graphi-

cally illustrated in Figures 1 to 7.
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FPig. 1. Lead Excretion in a Hormal Subject

The blecks represent consecutive dally observations. The small
80118 black blocks at the top indicate lead determinations on same
ples of 50 c.c. of blood., They do not extend intc the field of the
graph for the reason that the gquantities of lead found were insuf-
ficient for accurate measurement. The upper section illustrates
the urinary findings, the stippled area indjcating volume of urine
the solid block the lead found in mgs. In the lower section the ’
cross~-hatched portlons represent lead found in the faeces, while
the solid bluck glves the lead in mgs. per gram of ash in the
faeces. The dotted line records the average levels of faecal ex-
cretion of lead for the pericds over which it extends,

e

= P A

# The observations made from the fifteenth to twentieth j
days inclusive have been omitted on account of acci- ~
dental loss of the urinary samples for this period.
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The blocks represent consecutive daily observations as an

g, Exerclse
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Lead Excretion in a Normal Subject

uninterrupted continuation of Fig. 1l.
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Three‘matte%g;pfdspecial note may be seen in Pigure 1.
The urinary excretiébggg the start is almost negligible, but
when an increase in urinary volume 1s brought about by in-
creased water Intake it becomes éign%£;9§?t, though varilable
from day to day. The fasecal excretiéh%séérts out on a much
higher level than the urinary, and is subject to wider varia-
tion., It is clear that thege variations are not referéble
entirely to variability of the mass of material excreted, for
1f such were the case the mllllgrams of lead per gram ash of
faeces would be much more nearly constant. (The weighﬁ of
ash is not an entirely. reliable measure of the quantity of
faeces, but experience has shown it to be the most generzlly
satisfaétory marner of expressing quantity.)

Figure 2 shows the introductlion of two changes in the
activitles of the subject. e was-instructed to discontinue
the two quarts of milk which it had been his daily custom to
takeo;;—“fTTTlg- A slight brief rise in the urinary excretion
of lead coincides with the day of discontinuance of milk. The
faecal excretion also., shows an elevation, with 1rregu1ariy
spaced,very high peaks. That nelther of these changes Akh di-
rectly due to the elimination of milk from the diet will appear

later.

Then daily vigorous exercise was carried out for three

. weeks. There 1s a definite rise in the uriﬂary excretion, with

resumption of the former level on tﬁe cessation of exercise.
On the basis of the preceding rate of urinary excretion one

would certeinly ascribe thils change to the influence of exercise.

KE 00314473
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Fig. 3. Lead Excretion in a Normal Subject

The blocks represent consecutive dally observations as an

unintefrupted continuation of Figures 1 and 2.

# Thils result of 0.14 mg. is an entirely ab-
normal one. The concentration of lead in
the sample is 0.22 mg. per liter, and is
higher than any obtained in the entire
series of observations. Without doubt it

is due to the contamination of the sample
in some manner.
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However, a sSimilar rise in the urinar& excreticn of lead, without a
corresponding change in the eiperimental procedure, 28 shown in ¥igure 3,
casts considerable doubt upon the wvalidity of such an enterpretation.

In fact the general level of urinary excretion is notably high during
the entire period represented in Figure 3. The explanation of this sit-
uaticn may be found by examining the faecal output of lead from the begin-
niﬁg of the observations through Figure 3. Beginning with the 54th day
of observations (Fig. 1) and continuing up to the 149th day (Fig. 3) there
is a maintained high level of faecal lead excretion such as is not shown
in any other normal period of the study. This suggests the existence

of a factor which is so much larger than any other in its influence upon

lead excretion in both faeces and urine as to completely mabBk the effects

of other experimental measures. This factor is assa@iaxedmwgthffhe guan-

tity and qguality of”ihggsted food. It may be noted that the faecal

excretion of lead shows wide

i I et ekl o R I W R R )

Footnote: The very high figure obtained on the 124th day is entirely

~ﬁfun11ke any other result obtalned durlng the entire study, and ?ence is

probably in error. Thls figure of O. 14 mg. in 630 c.c. of uriqe repre-

sents a cancentratlon of O. 22 mg. of lead per llter of urlne. Such ?

concentratlon 13 not found in the urlnes of normal subjects, and it poes

—

/
not occur agazn 1n/this subject, even when 1ead was edanistered fork

\. 7 \

N S \

exper;meptal pu{pd%es. It must be the res%i;/of contaminatlon of the
sample at ome point in ite collection or amnzl

alysis,
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fluctuations from day to day, without any exact correspondence
with the daily level of urinary lead excretion. On the whole,
however, reriods of several days in which the fagcal-excrétion
1s high, are associated with corresponding high periods of
urinary lead output. The significance of the wide fluctuatlons
as well asiﬁhe generally large magnitude of the faecal excre-
tion becomes apparent in the observatlions shown in Figure 4.
Thus it 1s only necessary to point out that the notes kept by
the subject Indicate that for the perlods of time represented
in Pigure 2 and the first half of«Figure 3, the food intake |
was practically doubled-mw‘@at of the period showm in
Figure 1. This was the‘result of longer working hours, shorter
hours of rest, and changes in food sources, During the obser-
vations of Figure 1 the subject was at rest. At the beginning
of Flgure 2 he began to exerclse dally to a moderate degree.

On September lst (Fig. 2) he began working on the hospital
obstetrieal sérﬁice, being on call day and night. At the same
time he took wvigorous exercise by playing tennls through thé
greater part of the—afternoon. On September 15th he began
working on the hospital receiving ward. bufing this perlod
vaccinatlon against typhold fever resulted in a severe reaction

(first injection) with an evening temperature of 103° F. on

‘two successive days. On September Zsﬁéegular classes in the

ledical College began, with the necessity for establishing a
new routine. During this entire period the gross solid food
intake was high not only as a result of activities, but also
as a consequence of the discontinuance of two guarts of milk

dailly vnich had been an important item of diet previousiv.



Just how much dlrect effect on the lead excretion was
produced by the discontinuance of mllk and by exercise cannot
be determined; A glance at the high findings during the abe
sence of milk from the dlet and &t the lower results coinci-
dent with a return to the use of milk suggests a cause and
effect relationship. In terms of the observations and cone
clusions of Aub and his associateééf,this might be thought to
denote n steady depletlion of the calcium stores of lead in
the body, with the imultaneous ellmination of greater amounts
of lead during a period of low calcium intake, with an exactly
opposite effect during a pericd of higher calcium absorption.
Obviously fatigulng exsrcise would be expected to increass

00 St Goawmd TR
the flrst effect. As a matter of fact, @ither of these ine

)
fluences can-be assaumed Lo have been sxerted éﬁ any 1nmmuuuﬁﬂy~5uﬁ
gb%ﬁﬁﬁ, because of the ovowa&akwnmwd @eater offect of the

SR Q@naAwuzf amounts of fuﬁk hAl&& “““)‘”J*;zlﬁ s
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The lead content of the food, as shown in Flgure 4,
was obtained by having the subject collect an exact duplicate
of every meal during the periocd of such cbservations. Tor the
greater part_of the entlire period of food analyses, no attempt
was made to determine the lead content of specific foods. The
entire bulk of three meals was treated as a single sample and
analyzed, each meal having been collected in a quart glass Jar.
Because of the laborious character of the analytical work,
such analyses were purposely omitted in the initiél periods
shown in Flgures 1, 2 and 3. We now wished to study accurately

the influence of administered lead on the rate of excretion. A
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double purpose was thus served in beginning the food analysis
on the same date that we began to administer lead.

On the day indicated by the first small arrow, the

‘subject was given 1 mg. of lead as a solution of lead chloride

in 50 c.c. of distilled water rot less then half an hour before
the noon meal., ZEvery day for ten days the dose was repested

in the same manner, the oonclusion of this perliod being marked
on the graph by the second smallrarrow. The résponse to this
emall dose was lmmediate in the case of the urinary excretion,
with a twenty-four hour lag in the faecsl excretion. The
urinary excretion may be seen to remain high-during the perilod
of experimental ingestion of iead and - for four days thereafter.
The faecal lead excretion, on the contrary, dropped off to a
normal level in forty-elght hours, l.e. as soon as the alimen-
tary tract emptled itself of unabsorbed lead.

The third smell arrow indicates the termination of the
time pericd for which the calculations of the inset table were
made. |

Figure 5 carrles on the dally observations without g
break in continulty, showing the eoffects of the dally ingestion
of 5 mg. of lead in the form of the chloride, for six days.
The‘first.twd small arrows delimit the perlod of lead adminis-
tration, while the thlrd marks the end of the.time over which
the data of the inset table were obtalned. The three plateaus
in the graphilc reprasentation of the lead in the food of the
subject arise from the fact that for these three periods, the
weeks supply‘of each article of food was combined into a single

sample for analysls. The total lead found in all such samples



e
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-\5ﬁ?w Againg)the response of the urinary exc¢retlon was prompt,

and agsin 1t was sustained, this tlme for a longer period than

that shown when the dose was smaller. The faecal excretion
A dropped off (tolalmost) 1ts normal level in forty-eight hours,
Just as before. (The faecal excretion of lead during the period
of ingestion and for two days thereafter 1s so 1arge‘as to re-
:i*“; guire a very much increased area for its graphic representation.
,-”;} For this reason the trend of the results has been indicated and
the exact quantlty of lead found has been noted at the top of
the incomplete block.)}

The results set forth in these two figures are so clean-
cut as to require llttle clarification. They are so significant,
howevér, as to justify some emphasis. Pirst, the guantity of
lead in the food is remarkably high. There was no reason to
doubt the occurrence of lead in certain foods, but the discovery
of smounts sufficient to expiain the entire lead excretion of
our subject, except during the periods of lead edministration,
was entirely unexpected. Second, the dally Intake of lead 1s
exceedingly varlable.. Iniﬁ?d a0 great 1s the variation that it
is Impossible to interpretfghanges In the rate of lead-excretioq/V -
except as this factor is adequately controlled. The matter will
be given fuller consideration later, but it must be stressed,
he?e,'that the observations of Aub and hls assotiates, as well
a;;others, on the factors whlch influence the excretion of lead
mast be reviewed eritically with this varlable in mind. This
is especially necessary slnce the general acceptance of their
concluslions rests largely upon the uncertain evidence of the

varying lead content of the faeces under various experimental



conditions.

Another consideration of importance relates to the propore
tion of ingésted lead whlch passes through the alimentary tract
unabsorbed. Optimal conditions were presesnt for the absorption
of the administered lead, in that-a dllute solution was taken at
a time when there was the least opportunity for chemical resction
wilth the gastrle contents. Yet slightly less than half the lead
administered during the first period was absorbed, whlle more
than two-thirds was eliminated unabsorbed during the second
pericd. These ohservations furnish an explanation of the well
recognized fact that heavy equsuré for a short pericd of time
is likely to be less injurious than a lighter exposure for a

longer time. It may be calculated that if one milligram per day

WoT® taken for thirty days our sudject would have absorbed not
less than fifteen milligrams, while In six days at five milligrams

a day he actually absorbed only nine milligrams. Thus if the same

Foer vt
total quantit;es of lead were administered, the absolute quantity
Lo f\ e AnA, L{'., Taak ‘{" ’u'“-

absorbed would be greater whem e small daily dosage %% given over
a longer period of time.

The sensitivity of the level of urinary excretion to the
magnitude of absorption i1s also shérply Indicated here. During
the first period of administration, the subject apparently aid
not absort more than half a mllligram of lead per day. Yet
the urinary excretion was measurabdbly lncreased. However, in the
subsequent pericd, the dally absorptlon was in excess of one
mililgram per day, and, theough there ées a definite rise in the
urinary excretory rate, yet there ;ﬁfno distinet increase in

rate over that of the previous perlod. That is to say;ih&%ithe
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excretory rate is not substantially altered by differences in absorption
of this magnitude, Nevertheless the period of heightened lead excretion
is prolonged under the influence of the increased absorption., This
latter fact is especially significant when it is observed that the lead
in the blood during the two periods‘is not changed within the limits of
sensitivity of the method orx observation. What obviously occurred was
that the absorbed lead was so distributed in the tissues of the body as
to increase their content without producing a corresponding degree of
change in the o ncentration of lead in the blood, or the urine, ‘hus
the period required for the elimination of the increaéed gquantity in the
tissues was prolonge&.

In Figures 6 and 7 the observations on this subjéct were concluded,
three hundred and fitty four days having elapsed during the study. The
study of the lead in the food was discontinued as shown in rigure 6,
¥igure 7 shows a period ot three weeks of increased calcium intake, and
another similar period in which twelve grams of ammonium chloride were
administered daily, with an intervening perioa or Jone week, neither
procedure resulted in any noticeable effect upon the excretory rate., It
may be seen thatlthe lead content of the food diminished considerably
toward the end of our period of study. ‘the maintained low lavel of fzecal
excretion suggests that the ingestea iecad remained low during the remainder
of the study. iurthermore, the urinary excretion of lead was slmost
negligible during the period represented in these two figures. .ables
ViI and VIII show the freguency distribution ot the results in milligrams
per gram ot ash in the faecés, and per l:iter o: urine, together with
the calculated means for these items. Tune Jeiggl percentage of negatxve

A2 (1 Wﬂeﬁw J,{,,,(x",.r“zmu p MWRML&»J PP 4;13 Yorrvuald P V) /./“.,“
«nmna;ymxeﬂlifﬂ =1 m“ll-@w-tne %y mean’ vaiue ol'-lead per 1iter of urine,

- . . I
4R Awo-hjt uui?ﬁ A e % #us N f~ir¢“Wﬂ d“meJRJﬁ Sttaraed wff¢e€

_1s~unaounnﬁa;y-due ain paru TOthe ' Yaegt - that-the-urine. -wss.-collected in

twenty-Iour hour samyles, the volumes ot which in many instances.were less

£k e b e g e
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Table VII

,ﬁ.ctr;cﬁ'u’?
Distribution of Urinary Samples =as to Lead in

"Milligrams per Liter

M11ligrams of Lead

Per Liter of Urilne Number Percentage
0 - .009 179 57.9
.01 - ,019 44 14,2
02 - ,029 33 10.7
.03 - 039 16 5.2
04 - 049 16 4,9
.05 -~ ,059 7 2.4
.06 - 0869 5 i.6
L7 - 079 3 1.0
08 « .089 1 3
.08 - L,009 2 6
<10 - 109 1 o3
11 - 119 2 «6
.22 1* .3
Totals. 309 100.
Mean = 0.0192 % 0.00f"

SeDe 0.0203

# Omitted in calenlation of mean.
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Table VIIIX

Wﬂ?
Distributlon of Faecal Samples s to Lead in Milligrams

per Gram of Ash

¥11ligrams of Lead °

Per Gram of Ash Number . Percentage
0 - .009 52 16.0
.01 - .019 98 29.2
.02 - ,029 75 23.0
.03 - ,039 38 11.7
.04 - .049 : 27 8.3
«05 -~ 059 20 - 6.1
<06 - 069 7 2.1
07 - 079 3 .9
.08 - .089 2 6
09 - L0099 3 .9
<10 - ,109 . 2 .8
211 - L119 1 o3
.13 - 1 .3
Totals 326 100.

Mean = 0.027 % 0.00{2

S5.D. 0.020
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fail to show-amountd of lesd which are- capab%aweiuaseuvateﬂquantitatxve

.stimation, wror th%pmreasenwnot“less tNEn two Litersis-desirablef.r

the-purpose of each observation in a-study-ot—the norisl exXcretion of

+8ad. tue conditions of tue foregoing--eobseryutions-were-devised-with--a

T A ek i A e e o m e

full recognition tnat the. iimitations ‘of “the analyt1ca1 methods would
develapwanwlncreasedn1mport nce in dealing ‘with the Baéples of urine,
This—metter-is_of much less-significance—in-the—cese-of-the-faecal same-
p}ﬁa_fonwthgieaaonmthat_thaﬂlargerwquantitiEﬁTBT”I@adWpresent“reduce
the. proportional analytical error. Thezgfess the comperetiwely—low
value oi uhe mean excretion of lead in milligrams per gram cf ash is

Sl n Ao e ,/& 2 {,, dron it d nbos - o ,Mm-:g, .»;.
eFitenca—of—a L@WhnﬁraiﬁaﬂiwLeadﬂex@ﬂ an'iv-eanmnn normal sub-
jects. {Cf. Tables XIII and XIV) The combined facts indicate that during
the latter periods of the experiment, the subJect had relatively little
lead in his tissues, that he absorbed litile from day to day, end that
consequently he excreted very little.

The importance cof the information presented in the foregoing
figures is heightened by certain further considerations., Thus if the
day=-to=day variations in the lead content of the food are leveled by
calculating the mean daily intake of lead, znd if the dda 1y excretion
of lead in thefaeces and urine, exclusive of the periods of elevation
occasioned by the experimental azdministration of lead, are calculated,
the results are somewhat surprising. Tables IX, X and XI thow respect-
ively the frequency distributions of daily lead in food, urine, and
fzeces, with the czlculated means, Whlle Table XII compares daily
ingestion and daily excretion. It is seen that the ingested lead ié
approximately eguivalent to that which is excreted in the urine and

faeces combined, the differences between their meoan values %being

insignificant, statistically.

RE (0314485



Table 1K°

Distributlion of Dailg_Food Samples =3 to Lead Content

Milligrams of Lead

Tound in 24 Hrs. Number Percentage

0 - 049 - 13 12.4

.08 - ,099 6. 14.3

.10 - .149 ' 33 31.4

«15 - .159 24 22.8

.20 - .249 9 8.6

25 -~ 299 b 4.8

«30 =~ 349 4 3.8

: 35 =~ L399 G

40 - 449 0

45 - L4998 2 1.9

Totals : 108 100

Wean = 0,147 4+ 0.006
S«Da 0.086°
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Table .7

Distribution of Twenty-Four Hour Samples of Urine ésamﬁLY

to Lead Content

Mi1lligrems of Lead

Found in 24 hrs. Number Percentage

0 - .019 | 172 | 55.7
.02 - ,039 na £4.0
04 - 059 30 9.7
.06 - .O79 17 5.5
.08 - ,099 8 2.6
.10 - 119 : 6 1.9
.12 - .,139 1 0.3
14 - .159 1 0.3

Totals 309 100

HMean 0.027 <+ 0.001

S.De £ 0.025

KE 0014487



Pable XI

pistribution of Twenty-Four Hour Samples of Faeces &aau¢;7
to Lead Content

¥illigrams of Lead

Found in 24 hrs. " Yumber Percentage
0 - 049 46 14.1
.05 - ,099 82 19.0
.10 - .149 ey 24 .2
.15 - ,199 58 17.8
20 ~ 249 33 - 10.2
.25 - .200 15 4.6
30 - ,349 18 " 5.5
.35 = .399 5 1.6
40 - ,449 2 .6
W45 - .499 4 1.2
.50 - 549 2 0.6
.78 1¥ 0.3
.82 1* 0.3

Totals | 326 o 100
Mean - 0.151 & 004

'S.D. 0.100

% These two aberrant results are not included in the
calculation of the mean value, -

KE 0014488



Table XII

Comparison of Mean Dally Lead Ingestion with Mean

Dally Lead Excretion

Mean Dally Intake of Lead 0.147

Mean Dally Excretlion of Lead:

In Urlne 0.027 =& 001
In Faeces 0.151 + .004 0.178
Mean Dally Excretion of Lead 0.1%72

(Arrived at by calcula-
tion from the actual
data of combined uri-
nary and faecal oxcre-
tion from day to day.)

KE 0014485

+ .008

+ .004



If the faets are examlned in still another maﬁner the
same conclusions are evident, Thus if the perlods of experimen-
tal administration of lead are eliminate&, thé subject excreted
48,95 mg. of lead in the faeces, and 6.00 mg. of lead in the
urine, a total output of 54.95 mgs., in 329 days. During a
_period of approximateiy one third of this time (106 days) over
which food analyses were made, he ingested approximﬁtelyAIS mgs.
of lead in his food. | o

It is difficult to escape the conclusidn that substan
tially the entire lead interchange of the subject is to be éxplained
by the occurrence of lead in his food. Certalnly there can be no
other factor of any important magnitude, though undoubtedly some
small amount was contributed by drinking water and by other
occasional contacts with lead. From this 1t follows that lead
was not accumulating in the fissues except for short reriods.
Thus perlods in which excretion exceeded intake alternated with
periods in which excretion was less than intske, these effects
being brought about by variations 1n.ﬁctivityf in water intake,
in diet, - in short by é number of conditions well within the

1imits of normal physiological behavior.
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3. Lead Execretion in Various Groups of Normal Subjects.

e
Prolonged dally observationson a-uzagle.subjectf

Yield informatlion as to the variations iIn lead excretion attend-
ant upon the changing circumstances in the life and activities
iof éfzz%g;e Individuals, A study of random samples of excreta
from a large segment of the population might be expected to
demonstrate a somewhat wider range of varilsbility not only as
the consequence of greater variation in environment and activity,
but also because of differences in thé physiological attributes
of different indlviduals., Thus the investigatiﬁnAg?mg large and
representative group of persons who experilence no occupationallﬁ
exposure to lead componnds,gpy the method of random sampling;
should present a falrly adequate croas-sectional picture of the
lead excretlion of normal man under presenﬁ conditions. Incldent-

ally one may detsrmine thereby, whether or not dha &wﬁ éuQJmJLwdud
sgbée&b?mm4ﬁﬁrtmhﬂr who has been studied in detall re%resents
g .

the average type of normal individual,

Several groups of subjects have Dbeen studied in the
above manner. Medical students, with no previous occupational
exposura to lead compounds, form the background for fixing the
status of the one subject previously discussed. A number of
persons selected from a much larger group of workmen because of
thelr complete freedém from occupational lead exposure, consfitutes
an additional normal group. 5t1ll anbthar group 13 made up of

workmen with no lead exposure at the time of observations, btut

Kk Ga 4493



Table XIIX

Distribution of Subjects According to iillligrams of

Lead per Gram of Ash in the Faeces

. Cogon e
‘ Wedical Students Other Persons Questionable or
“‘”iﬁ with No Lead Expoe with No Lead Expo- Slight Exposure in

?:f:Lmi .ir sure at Any Time surse at Any Time an Earlier Period @K
) . Number Percentage  Number Percentage - Number Percentage
0 - 0.029 15 34.1 4 8.7 21 29.6

0.03 - 0,059 9 £0.4 10 21.7 18 22.6

0.06 - 0.089 8 18.2 13 28.3 13 18.3

0,09 - 0.119 6 13.6 Sy 15.2 8 11.3

0.12 - 0.149 2 4.5 5 10.9 5 7.0

0.15 = 0.179 | 1 2.2 5 7.0

0.18 - 0.209 1 2.3

0.21 - 0.239 1 2.3

0.24 = 0.269 ' 2 4.3

0.27. = 0.299

0.30 - 0.329 | 1 1.4

0.35 ~ 0.358 1 2.2

0.36 - 0.389 o

0.39 - 0.419 . 1 2.3 1 2.2 1 1.4

ovar  0.42 Lie 2.3 2 4.3 1 1.4

Totals  aa 100.00 46 100.00 - 71 100.00
Mean ‘ 0.0649" 0.098: _ 0.072
 Probable Error +0,007: o 0,008 o +0.008

Standard Dev. +0,071. : +0.080 . +0.06%:.
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Distribution of Subjects According to Milligrams of Lead per

Liter of Urine

Persons with
¥edical Students Qther Persons tuestionable or

A&uo¢ﬁbﬁia with No Lead Expo- with No Lead Expo- Slight Exposure in
ru%da.fumﬂu sure at Any Time sure at Any time an Earller Period

Humber Percentage Number Percentage Number Percentage

0 - 0.029 2 20,4 7 15.9 8 11.3
0,03 - 0.059 14 31.8 11 25,0 24 33,8
0.06 - 0.089 9 20.4 11 25,0 22 31.0
0.09 - 0.119 8 18.2 5 11.4 6 8.5
0.12 - 0.149 3 6.8 2 2.8
0.15 - 0.179 1 2.3 1 2.3 5 4.2
0.18 - 0.209 1 2.5 3 6.8 2 2.8
0.21 = 0.239 1 2.3
0.24 - 0.269
0.27 - 0.299
0.30 = 0.329 1x 2.3
0.33 - 0,359
0.36 - 0.389
0.39 - 0.419
0.42 = . 3 . 6.8 44 5.8
Totals 24 100,00 44 100.0 71 100.00
vean 0,061 o.o76~ 0:06g
Probebis pevor  i8:88% 19:8%"  folonn

#Exeluded in ealculation of mean =



with an occupational history which did not permit of the certain
exclusion of slight exposure at some previous time. The excre-
tion of lead in the faeces and urines of these groups, and the
calcﬁlated mean values for these factors, are presented in Tables
XIII and XIV.

The three groups of subjects are so nearly identical as
to.be indistinguishable by any statistical means. On the other
hand the medicel student who was the subject oflthe prolonged |
study does not fit Into any one of them, statlistically, since
there is a significant difference between his mean lead axcretion
and that of each of them. Thisﬁpgfﬁgézaq -to recopgnize the im-
portance of the somewhat limited dlet of the subject in question.

As a matter of c¢holce and habilt, this'student ate somewhat sparing-

o a ewttd

ul{;xiiqtfntroduced littleurariety into his cholce of food, @@h&&u
caused)his lead intake(to be) less than that of the average person.
A further difference, affecting only the mean urlnary excretion

of lead, has been previously polinted out, in that the analytical
error wag somewhat enhanced by the smaller size of the urinary
samples. It is clear, therefore, that although more detailed

and specific information was obtained in the étﬁdy of the one sub-
Jeect, a more gccurate measure of general experlence, as regards
lead absorption and lead excretion, 1s to be found in the observa;
tlons made on the larger numbef of suﬁjects. Thus the mean lead
excration of normal persons in the Unlted States, with no occupa-
tional ekposure to lead compounds, 1s seen to be of the general

magnitude of 0.07 milligrams per liter of urine, and 0.07 to 0.09

milligrams per gram ash of faeces. If the average urinary excre-
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arded as approximately two liters per day, and 1f the MMJ\
1 1s expressed in terms of the mean daily output*(bee‘ﬁ%&))L_ﬂ>
the average normal American excretes approximately

.rd of a milligram of lead per day.

rad 28 a Contamlinant of Food and Drink.

- ‘ 4& Lads jr_ﬁ_
‘ne presence of lead in the normal food supply/=eeuires—

~onsideration of many possible sources for lts origin. In

to leave as little as possible to conjecture, large samples
‘-U.A L/ ) __i Mo 4 "‘z“"—ﬂ-‘:—‘!

igle common food materials wano collected Qvermaﬂthreewweeks
' dﬁuuujﬁﬂh)b¢ m&du.ﬁ mth~u¢MMﬂ;LJ~wM¢ue
£ in the course of thn-ebeaﬁva%&ens on' the-mediead-siudent
& of s anfls
=et~ﬁs$a&4vﬁw1n'¥nnﬁmeo The resultsof sush analysegﬂare

ated in Tableaxv“,_ﬂi\% which the actual weight of food examined,

the actual amounts of lead found are given as a basls for the
ulation of the concentrations of lead. The data are largely

~ - — -« =eXplanatory, but certaln matters merit further discussion.

o

/ "-(:1"1
(1) Lead iﬂ found in all ihe- food materials otudied,(ﬁithout/

regard’ for the variety or complexity of the processes of prepara-

tlion and distribution.

{2) The guantity of lead in articles derived from grain and in
e EXThi e

most meats 1s quite small and would not be found except for

dellicate methods of analysls carrisd out on large quantities of
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